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1. Introduction

1.1 What is LoRaWAN Pressure Sensor

The Dragino PS-LB/LS series sensors are LoRaWAN Pressure Sensor for Internet of Things solution. PS-
LB/LS can measure Air, Water pressure and liquid level and upload the sensor data via wireless to LoRaWAN
loT server.

The PS-LB/LS series sensors include Thread Installation Type, Immersion Type and Food Safety Thread
Type, it supports different pressure range which can be used for different measurement requirement.

The LoRa wireless technology used in PS-LB/LS allows device to send data and reach extremely long ranges at
low data-rates. It provides ultra-long range spread spectrum communication and high interference immunity
whilst minimizing current consumption.

PS-LB/LS supports BLE configure and wireless OTA update which make user easy to use.

PS-LB/LS is powered by 8500mAh Li-SOCI2 battery or solar powered + Li-ion battery , it is designed for long
term use up to 5 years.

Each PS-LB/LS is pre-load with a set of unique keys for LoORaWAN registrations, register these keys to local
LoRaWAN server and it will auto connect after power on.

1.2 Features

o LoRaWAN 1.0.3 Class A

e Ultra-low power consumption

e Measure air / gas or water pressure

« Different pressure range available

« Thread Installation Type, Immersion Type or Food Safety Thread Type
« Monitor Battery Level

» Bands: CN470/EU433/KR920/US915/EU868/AS923/AU915/IN865

e Support Bluetooth v5.1 and LoRaWAN remote configure

o Support wireless OTA update firmware
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» Uplink on periodically

e Downlink to change configure

« Controllable 3.3v,5v and 12v output to power external sensor
» 8500mAh Li/SOCI2 Battery (PS-LB)

« Solar panel + 3000mAh Li-ion battery (PS-LS)

1.3 Specification

Micro Controller:

e MCU: 48Mhz ARM
» Flash: 256KB
 RAM: 64KB

Common DC Characteristics:

« Supply Voltage: Built-in Battery , 2.5v ~ 3.6v
e Operating Temperature: -40 ~ 85°C

LoRa Spec:

» Frequency Range, Band 1 (HF): 862 ~ 1020 Mhz,Band 2 (LF): 410 ~ 528 Mhz

e Max +22 dBm constant RF output vs.
» RX sensitivity: down to -139 dBm.
« Excellent blocking immunity

Current Input Measuring :

e Range: 0 ~ 20mA
e Accuracy: 0.02mA
» Resolution: 0.001mA

Voltage Input Measuring:

« Range: 0 ~ 30v
e Accuracy: 0.02v
e Resolution: 0.001v

Battery:

e Li/SOCI2 un-chargeable battery

e Capacity: 8500mAh

» Self-Discharge: <1% / Year @ 25°C
« Max continuously current: 130mA

» Max boost current: 2A, 1 second

Power Consumption

o Sleep Mode: 5uA @ 3.3v
» LoRa Transmit Mode: 125mA @ 20dBm, 82mA @ 14dBm

1.4 Probe Types
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1.4.1 Thread Installation Type

e Hersman Pressure Transmitter

e Measuring Range: -0.1 ~ 0 ~ 60MPa, see order info.

e Accuracy: 0.2% F.S

e Long-Term Stability: 0.2% F.S +0.05%

e Overload 200% F.S

o Zero Temperature Drift: 0.03% FS/°C(<100Kpa), 0.02%FS/°C(>100Kpa)
o FS Temperature Drift: 0.003% FS/°C(<100Kpa), 0.002%FS/°C(>100Kpa)
« Storage temperature: -30°C ~ 80°C

o Operating temperature: -20°C ~ 60°C

e Connector Type: Various Types, see order info

1.4.2 Immersion Type

e Immersion Type, Probe IP Level: IP68
» Measuring Range: Measure range can be customized, up to 100m.
e Accuracy: 0.2% F.S
e Long-Term Stability: +0.2% F.S / Year
» Storage temperature: -30°C ~ 80°C
e Operating temperature: 0°C ~ 50°C
» Probe Material: 316 stainless steels
« Cable model specifications: CGYPU 5*0.2mm?2
« Usage characteristics of Cable
1) Operating temperature: -40°C ~ +70°C
2) -30°C bending cable 15 times of outer diameter can work normally
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1.4.3 Food Safety Thread Type

» Material: Food Grade 316L Stainless Steel, Anti-clogging, Pressure and wear resistant

» Application Scenarios: Measuring viscous media: food and beverages, viscous gels, pigments and paints,
pulp and cement, pump trucks, concrete, particulate matter

o Measuring Range: -100Kpa ~ 0 ~ 100MPa

o Compensation Temperature: 10 ~ 70°C

e Output Signal: 4 ~ 20mA

e Power Supply: 24V DC

e Ambient Temperature: -40 ~ 85°C

« Enclosure Protection: IP65

» Pressure Type: Gauge pressure, Absolute pressure, Sealed pressure

e Zero-point Temperature Drift: +0.03%FS/°C

» Sensitivity Temperature Drift: +0.03%FS/°C

e Overload Pressure: 200%FS

e Long-term Stability: <0.2%FS/°C

e Natural Frequency: 5HZ ~ 650HZ

1.4.4 Wireless Differential Air Pressure Sensor

e Measuring Range: -100Pa ~ 100KPa(Optional measuring range).
o Accuracy: 0.5% F.S, resolution is 0.05%.

e Overload: 300% F.S

o Zero temperature drift: £0.03%F.S/°C

e Operating temperature: -20°C ~ 60°C

» Storage temperature: -20°C ~ 60°C

e Compensation temperature: 0 ~ 50°C

1.5 Application and Installation
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1.5.1 Thread Installation Type

Application:

e Hydraulic Pressure

e Petrochemical Industry

o Health and Medical

» Food & Beverage Processing

» Auto-controlling house

» Constant Pressure Water Supply
e Liquid Pressure measuring

Order the suitable thread size and install to measure the air / liquid pressure

Apply to various industrial applications

T - -

Laboratory facilities Air pressure detection

1.5.2 Immersion Type

Application:

Liquid & Water Pressure / Level detect.
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Below is the wiring to for connect the probe to the device.
The Immersion Type Sensor has different variant which defined by Ixx. For example, this means two points:

e Cable Length: 10 Meters
o Water Detect Range: 0 ~ 10 Meters.
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P

.........

Red wire (V+)<...>+12V
Blue wire(V-)<...>IDC INPUT
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Installation Diagram

Cable hanger |

)t i
=
c |
offl | _ _
5 ﬁ. Locking core material: Engineering plastic
E | o 1 o . Hanger material: 304 stainless steel
gl — — oy — — | Blind area
AR ——— —= =20mm Weight: 110g
\Sensor
Cable Hanger Installation Cable Hanger Size

Flange
%’IJ

[ y |

Breaitha ble ca I:'le

a 3 .
:c_: sy st E.
= | l ﬁ,.
€ A
o | — _— —.r—l— —_— — ’
7| — — & . — | Blind area
E b —— e ——— \...... — - .-"Hmmm
\Sensor Flange Fixed Size

Flange Fixed Installation

Size of immersion type water depth sensor:
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< 50mm >
O 6 [— |
(— & I I
d4mm g I b\
O

Z4ETmm
< |
105mm

1.5.3 Food Safety Thread Type

Application:

» Milk Oil Storage Tank Monitoring

« Pigment And Paint Storage Monitoring
e Pulp & Cement Storage

o Concrete Pump Truck
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Milk Oil Storage Tank Monitoring Pigment And Paint Storage Monitoring

Pulp & Cement Storage Concrete Pump Truck

1.5.4 Wireless Differential Air Pressure Sensor

Application:

Indoor Air Control & Filter clogging Detect.
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Exhaust fan

Indoor Air Control

Low pressure end of trachea
extend outside

Below is the wiring to for connect the probe to the device.
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+12V  <----> Red wire
IDC_INPUT <----> Black wire

Size of wind pressure transmitter:

37Tmm
4(©)
H
& | 8
ma el L
=@
32mm \ O / v
4
v e
¥ 5
8¢ | I~

M10

65mm

v

Y

102.9mm

Note: The above dimensions are measured by hand, and the numerical error of the shell is within

+0.2mm.

1.6 Sleep mode and working mode
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Deep Sleep Mode: Sensor doesn't have any LoRaWAN activate. This mode is used for storage and shipping to
save battery life.

Working Mode: In this mode, Sensor will work as LoRaWAN Sensor to Join LoRaWAN network and send out
sensor data to server. Between each sampling/tx/rx periodically, sensor will be in IDLE mode), in IDLE mode,
sensor has the same power consumption as Deep Sleep mode.

1.7 Button & LEDs

™
o)

-
Antenna , Attachable
|

' Antenna, Attachable

- <

| |
— —
2l U S

. Push Button Push Button
O LED Indicator Status LED
Solar Panel
' )
/-".._\ .
© ©
s Pressure Balance Valve
: = ——
| Pressure Balance Valve
WS
Behavior on ACT Function Action
@ @ 1~3s Send an uplink If sensor is already Joined to LoRaWAN net-
work, sensor will send an uplink packet, blue

led will blink once.
Meanwhile, BLE module will be active and
user can connect via BLE to configure device.
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o

W

Active Device

Deactivate Device

Green led will fast blink 5 times, device will en-
ter OTA mode for 3 seconds. And then start to
JOIN LoRaWAN network.

Green led will solidly turn on for 5 seconds af-
ter joined in network.

Once sensor is active, BLE module will be ac-
tive and user can connect via BLE to configure
device, no matter if device join or not join
LoRaWAN network.

Red led will solid on for 5 seconds. Means PS-
LB is in Deep Sleep Mode.

1.8 Pin Mapping

"
-

a¢

1.9 BLE connection

+3v3_OUT

000006 O

GND

aRbiAAERIAREIREIARI |

A L L L L

PS-LB/LS support BLE remote configure.

it Lot VAR Whachoda
I LTI S TRRRE
| Do BLCARIRAVERC) BEALHD

| FOC ID.DMTLASS

F&(E%}E

[ LTS " -
e AT

o — 18 wi.2

BLE can be used to configure the parameter of sensor or see the console output from sensor. BLE will be only

activate on below case:

» Press button to send an uplink

e Press button to active device.
o Device Power on or reset.
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If there is no activity connection on BLE in 60 seconds, sensor will shut down BLE module to enter low power
mode.

1.10 Mechanical
1.10.1 for LB version

0
[N
“F
¢
L/
(-]
-]
e |-
540
47

74

v L1
i ‘ 0 _ 11750
?_' 8 ' 127680

2130

&
=
I
I
40.50

1.10.2 for LS version
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| |
o —{
2

PESD

1830

4n

2. Configure PS-LB/LS to connect to LoRaWAN network

2.1 How it works

The PS-LB/LS is configured as LoRaWAN OTAA Class A mode by default. It has OTAA keys to join LoRaWAN
network. To connect a local LoRaWAN network, you need to input the OTAA keys in the LoRaWAN loT server
and activate the PS-LBJ/LS. It will automatically join the network via OTAA and start to send the sensor value.
The default uplink interval is 20 minutes.

2.2 Quick guide to connect to LoRaWAN server (OTAA)

Following is an example for how to join the TTN v3 LoRaVWAN Networkrd. Below is the network structure; we use
the LPS8v2r¥ as a LoRaWAN gateway in this example.
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PS-LB in a LoRaWAN Network

C- (=

LPS8v2 =
LoRaWAN Gateway :

LoRaWAN Server

G j"

PS-LB_LoRaWAN
Pressure Sensor

Dash Board

The LPS8V2 is already set to connected to TTN network [, so what we need to now is configure the TTN

server.

Step 1: Create a device in TTN with the OTAA keys from PS-LBJ/LS.

Each PS-LB/LS is shipped with a sticker with the default device EUI as below:

You can enter this key in the LoRaWAN Server portal. Below is TTN screen shot:

Create the application.

WP moos smack S @ Applcations > List wv ©v &v wawe @ v

Home Gateways Applications (8) Search applications © Labels
/

Q Search cull K NAME AND ID 2 DEVICES CREATED =

0 Aug 19, 2025

Top applications

sdi-12-test
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Create application

Within applications, you can register and manage end devices and their network data. After setting up your device fleet, use one of our many integration options to pass relevant data
to your external services.

Learn more in our guide on M Adding_Applications.

Application ID*

[|my—new—app\icat'\on J

Application name
My new application
Description
Description for my new application

%
Optional application description; can also be used to save notes about the application

Application properties

Labels
Select...

Add a label or create one to categorize your applications

Create application

Add devices to the created Application.

((( THE THINGS sTACK e 3 [  Applications > ps-Is > Application overview v By @@ v

G3) Add application

Home Gateways ?DS_IS a < LUHIEE) :cent activity ® & 0 End devices v =
i ps-ls =
p; & Add new gateway
Q search Ctl | K % Add new organization
. {8} Register end device in an application
& End devices View all -
& ps-Is
Top end devices Recently active
08 Application overview
{8} End devices
& Live data
&b Webhooks No top devices yet

B Message storage Your most visited and bookmarked end devices will be listed here

] Payload formatters v
9 pay + Register end device

,9\" Collaborators
£ APl keys
'R Other integrations v

{8 General settings

24 /64




PS-LB/LS -- LoRaWAN Air/Water Pressure Sensor User Manual

Q

? With labe

Choose an application for the new end device

ps-Is
ps-Is

65n-test
65n-test

01
Iht52n

Itc2-1b
[tc2-1b

d20-1b
d20-Ib

65s

to choose, to select Searching applications

Enter end device specifics manually.
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Register end device

Does your end device have a LoORaWAN® Device Identification QR Code? Scan it to speed up onboarding.

(2) Scan end device QR code M Device registration help

End device type

Input method ®

Select the end device in the LoRaWAN Device Repository

(@) Enter end device specifics manually

Frequency plan @ * select the frequency corresponding
Europe 863-870 MHz (SF9 for RX2 - recommended) to the node

LoRaWAN version @ *

LoRaWAN Specification 1.0.3

Regional Parameters version @ *

RP001 Regional Parameters 1.0.3 revision A

Show advanced activation, LoRaWAN class and cluster settings v

Provisioning information

JoinEUT®@* APPEUI

To continue, please enter the JoinEUI of the end device so we can determine onboarding options

Add DevEUI and AppKey. Customize a platform ID for the device.
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Provisioning information

JoinEUI & *

00 00 0O OO OO GO OO 0O Reset

This end device can be registered on the network

DevEUI @ *

[-. s ss ee se s e -.J GGenerate O/SOUSEd

AppKey @ *

> Generate

End device ID® *

my-new-device

Device properties

Labels

Select...

Add a label or create one to categorize your devices

After registration
(@) View registered end device

Register another end device of this type

Register end device

Step 2: Add decoder.

In TTN, user can add a custom payload so it shows friendly reading.

Click this link to get the decoder: https://github.com/dragino/dragino-end-node-decoder/tree/main/c

Below is TTN screen shot:
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Setup

Formatter type”
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95 Livedata T Messaging ® Location &) Payload formatters l & settings

Custom Javascript formatter

Formatter code ™

var dd= (bytes[8+i]48
var ee= (bytes[o+
var ff= getMyDate
var string='['+aa+', ' +ob+',

return string;

function getzE(c_num){
if(parseInt(c_num) < 18)
c_num = '@’ + c_num;

return c_num;

function getMyDate(str){
var c_Date;
if(str > 9999999999)
c_Date = new Date(parseInt(str));
else

var c_Year = c
c_Month = ¢_Da
c_Day = c_Date

"True”:
rtes[7+i]<<24 | byt
B P

c_Date = new Date(parseInt(str) # 1088);

<<16 | bytes[9+i]<<B | bytes[16+i]).toString(18));
: 205 [PONE

Replace the TTN original decoding with our decoding

c_vay = c_uate.getuately,

Test

Byte pavload

EPort.

8D E6 7F FF @C F8 60 8B 680 19 01

2 Test decoder

Decoded test payload

": "FALSE",
“Low",

"Interrupt_level
"Lidar_distance”

"Message_type
“TempC_D518621

Complete uplink data

"f port": 2,
"frm_payload”
"decoded_payl

"Message_type": 1,

v Payload

M Learn more abou

Save changes

Users can enter the raw payload test decoder here.

Step 3: Activate on PS-LB/LS

Press the button for 5 seconds to activate the PS-LB/LS.

Green led will fast blink 5 times, device will enter OTA mode for 3 seconds. And then start to JOIN LoRa\WAN
network. Green led will solidly turn on for 5 seconds after joined in network.

After join success, it will start to upload messages to TTN and you can see the messages in the panel.

2.3 Uplink Payload

2.3.1 Device Status, FPORT=5

Include device configure status. Once PS-LB/LS Joined the network, it will uplink this message to the server.

Users can also use the downlink command(0x26 01) to ask PS-LB/LS to resend this uplink.
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Device Status (FPORT=5)

‘ Size (bytes) ‘ 1 ‘ 2 ‘ 1 ‘ 1 ‘ 2 ‘
Value Sensor Firmware Version Frequency Band | Sub-band BAT
Model
Example parse in TTNv3
ﬁ pslb
10 pslb
M1 «nfa = Lastactivity 22 seconds ago (5
Ovendew Live data Messaging Location Payload formatters Claiming General settings
Time Type Data preview Verbose stream » ¥ ExportasJSON Il Pause W C
4 99:46:55 Schedule data domnlink for t. Devaddr: 26688918 < R | Rel Delay: 5
" 89:46:55 Foxward uplink data nessage 3ep1s <> B Payload: { BAT: 3.312, FIRMWARE_VERSION: « FREQUENCY _EBAND: « SENSOR_MODEL: . SUB_BAND: & }

Sensor Model: For PS-LB/LS, this value is 0x16
Firmware Version: 0x0100, Means: v1.0.0 version
Frequency Band:

*0x01: EU868

*0x02: US915

*0x03: IN865

*0x04: AU915

*0x05: KZ865

*0x06: RU864

*0x07: AS923

*0x08: AS923-1

*0x09: AS923-2

*0x0a: AS923-3

*0x0b: CN470

*0x0c: EU433

*0x0d: KR920

*0x0e: MA869

Sub-Band:
AU915 and US915:value 0x00 ~ 0x08
CN470: value 0x0B ~ 0x0C
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Other Bands: Always 0x00

Battery Info:

Check the battery voltage.
Ex1: 0x0B45 = 2885mV
Ex2: 0x0B49 = 2889mV

2.3.2 Sensor value, FPORT=2

Uplink payload includes in total 9 bytes.

Size(bytes)

Value BAT Probe Model

0 ~ 20mA value 0~ 30v IN1 &IN2 Interrupt flag

value

ﬁ pslb
1D: pslb

A1 bnfa  * Lastactivity 4 minutes aga 3

Crerview Live data Messaging Location Paylpad formatters
Time Type Data preview
T §9:47:81 Foreard uplink data message Bat_¥: 3.312, Exti_pin_level:

2.3.3 Battery Info

Check the battery voltage for PS-LB/LS.
Ex1: 0x0B45 = 2885mV
Ex2: 0x0B49 = 2889mV

2.3.4 Probe Model

Claiming General settings
Verbose stream P * Exportas SO 1l Pause I Clear

. Exti_status: . IDC_intput_mA: 3.991, IN1_pin_lewel: . IN2_pin_level: . Prot

PS-LB/LS has different kind of probe, 4~20mA represent the full scale of the measuring range. So a 12mA
output means different meaning for different probe.

For example.

Part Number Probe Used

4~20mA scale Example: 12mA meaning
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PS-LB/LS-I3 immersion type with 3 meters 0~3 meters 1.5 meters pure water
cable
PS-LB/LS-I5 immersion type with 5 meters 0~5 meters 2.5 meters pure water
cable
PS-LB/LS-T20-B | T20 threaded probe 0~1MPa 0.5MPa air / gas or
water pressure

The probe model field provides the convenient for server to identical how it should parse the 4~20mA sensor
value and get the correct value.

When connecting to current sensors sold by our company, you can convert current readings to corresponding
values by simply configuring the AT+PROBE command. If you prefer not to configure this command on the
sensor, you can uniformly handle the conversion in the payload decoder instead.

Examples for decoder implementation:
1. For AT+PROBE=0005, add the following processing in your decoder:

function datalog?(i,bytes)d

bytes[i]=0x00; = AT+PROBE=0005

bytes[1+i]=0x056;

var aa= str_pad(bytes[i])+str_pad(bytes[1+1])

var bb= parseFloat(((bytes[2?+1]<<8 | bytes[3+1])/1008) toFixed(3));
var cc= parseFloat(((bytes[4+1]<«E | bytes[5+1])1000) . toFixed(3));
var dd= (bytes[6+1]&0x88) ? "High":"Low";

Var ees=
var it

(bytes[6+1] &8x04) ? "High":"
(bytes[6+1i] #8x82) ? "High":"

el
W

var gg= (bytes[6+i]&8x01) ? "True":"Fal -

var hh= transformi{cc,bytes|[i],bytes[1+i]);

var ii= getMyDate((bytes[7+i] ¢<24 | bytes[8+i]<<l6 | bytes([%+i]<<B | bytes[1l8+i]).toS5tring

(18});

var string='["+aa+",'+bb+", 'vcc+', '+dd+', '+me+', " +EE£+", "eggs’, hhe' e ] 00,0

return string;
1

break;

default:

data.Bat_V = (bytes[B]<<B | bytes[1])/1008;
bytes[2]=0x08;
b‘,"tES[H-_:-:'Y:j'}: = _:’!I:I'LT"'PRGBE_DGDS
data.Probe_mod = str_pad(bytes[Z])+str_pad(bytes[3]);
var IDC_intput_mA = (bytes[4]<<B8 | bytes[5])/1008;
data.IDC_intput_mh = IDC _intput_mA;
data.VDC_intput_V = (bytes[&]<<B |
var statusByte = bytes[8];

bytes[7]) /1006;

data.IN1_pin_level = (statusByte & 0xB8)? "High":"Low";
data.INZ_pin_level = (statusByte & BxB04)7 “High":"L
data.Exti_pin_level = (statusByte & OxB2)% "High®:" o
data.Exti_status = (statusByte & Ox81)}2 "True®:"False";
data.IDC_Roc_flagl = (statusByte & ¢ TRUE" ; "FALSE";
data.IDC_Roc_flagH = (statusByte & Gxd8 TRUE" : "FALSE" ;
data.VDC_Roc_flagl = (statusByte & Ox20)2?"TRUE":"FALSE";
data.VDC_Roc_flagH = (statusByte & 0x18)?"THRUE":"FALSE";

2. For AT+PROBE=0102, add the following processing in your decoder(Corresponding to the position shown in
the above screenshot).

bytes[i]=0x01;bytes[1+i]=0x02;
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bytes[2]=0x01;bytes[3]=0x02;

2.3.5 0~20mA value (IDC_IN)

The output value from Pressure Probe, use together with Probe Model to get the pressure value or water level.

Example:

27AE(H) = 10158 (D)/1000 = 10.158mA.

Instead of pressure probe, User can also connect a general 4~20mA in this port to support different types of
4~20mA sensors. below is the connection example:

......

LA LR AN ks
S LSTISSTRE TS

|| Dww B ARE0 4 VEECH BB 4 DF7
| FOCID-IrTLALS

il B FﬁcE%’m

[ TETE I o Roiiad

12v Power 4-20mA

Sensor, 2 wires type
Output <—= IDC-IM
WIN <—= +12v_0ut

CEO00O 0

g e o T T T T T

i SIB

.
-

a¢

GND

2.3.6 0~30V value (pin VDC_IN)

Measure the voltage value. The range is 0 to 30V.

Example:

138E(H) = 5006(D)/1000= 5.006V

2.3.7 IN1&IN2&INT pin

IN1 and IN2 are used as digital input pins.

Example:

09 (H): (0x09&0x08)>>3=1 IN1 pin is high level.
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09 (H): (0x09&0x04)>>2=0 IN2 pin is low level.

This data field shows if this packet is generated by Interrupt Pin or not. Click here for the hardware and software
set up. Note: The Internet Pin is a separate pin in the screw terminal.

Example:
09 (H): (0x09&0x02)>>1=1 The level of the interrupt pin.
09 (H): 0x09&0x01=1 0x00: Normal uplink packet.

0x01: Interrupt Uplink Packet.

2.3.8 Sensor value, FPORT=7

Size(bytes)
Value BAT Voltage value, each 2 bytes is a set of voltage values. ‘
ﬁ pslb
1D: psib
1 nfa = Lastactivity 2 hours ago @
Overview Live data Messaging Location Payload formatters Claiming General settings
Time Type Data preview Verbose stream ( B #® ExportasJSON Il Pause [ Clea
1:48 Schedule data downlink for transm.. evAddr 26084664 | <> | | Rx1 pDelay: §
31:48 Forward uplink data message DevAddr: 26884664 <> | Payload: { Bat_V: 3.387, DATALOG:
{*Bat_V":3.307,"DATALOG":*[0.000],[0.000],[0.000],[0.000).[0.000},(0.000],[0.000],[0.000],[0.000].{0.000],(0.000],[0.000,[0.000},[3.586]
18 Successfully processed data messa. DevAddr: 26884662 ¢ B ,[3.586),(3.586),(3.586),3.586),")
D 12:28:56 console: Stream reconnected The stream connection has been re-established

Multiple sets of data collected are displayed in this form:

[voltage value1], [voltage value2], [voltage value3],...[voltage value n/2]

2.3.9 Decode payload in The Things Network

While using TTN network, you can add the payload format to decode the payload.
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Overview  Livedata  Messaging  Location Claiming  General settings

Uplink Dawnlink

B These payload formatters ane executed on uplink messages from this end device and take precedence over application level payload formatters,

Formatter type

Use application payload formatter None GRPC service CayennelPP Repaository

Formatter parameter

function decodelplink(input) {
return |
data: {
bytes: input.bytes

warnings: [],
erEoxs: []

PS-LB/LS TTN Payload Decoder: https://github.com/dragino/dragino-end-node-decoderrs

2.4 Uplink Interval

The PS-LB/LS by default uplink the sensor data every 20 minutes. User can change this interval by AT
Command or LoRaWAN Downlink Command. See this
link: http://wiki.dragino.com/xwiki/bin/view/Main/End%20Device%20AT%20Commands%20and%20Downlink%20

2.5 Show Data in DataCake loT Server

DATACAKETLY provides a human friendly interface to show the sensor data, once we have data in TTN, we can
use DATACAKE ' to connect to TTN and see the data in DATACAKE. Below are the steps:

Step 1: Be sure that your device is programmed and properly connected to the network at this time.

Step 2: To configure the Application to forward data to DATACAKE you will need to add integration. To add the
DATACAKE integration, perform the following steps:
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Applications » lgt92test » Webhooks » Add > Datacake

Add custom webhook

Template information

Datacake
Send data to Datacake via TTl adapter

About Datacake 5 | Documentation &8

Template settings

Webhook ID*

Token*

Datacake APl Token

Create datacake webhook

Step 3: Create an account or log in Datacake.

Step 4: Create PS-LB/LS product.
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—

L= ) === | — | —
LoRaWAN PARTICLE D Zero D Zero LTE PINCODE

STEP 2
Metwork Server

Datacake Product

You can add devices to an existing product on Datacake, create a new empty product or start with
one of the templates. Products allow you to share the same configuration (fields, dashboard and
more) between devices.

New Product from Existing Product New Product
template Add devices to an Create new empty
Create new product existing product product

from a template

New Product

If your device is not available as a template, you can start with an empty device. You will have to
create the device definition (fields, dashboard) and provide the payload decoder in the device's

configuration.

Product Name

LLDS12)
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Add Device X
e x. @ BB E
& Pa'tlcie Sl
LoRaWAN PARTICLE D Zero D Zero LTE PINCODE
STEP 1 STEP 2 STEP 3 STEP 4
Product Network Server Devices Plan
Network Server

Please choose the LoRaWAN Network Server that your devices are connected to.

The Things Stack V3
altlin Uplinks  Downlinks
o memwcs  TTN V3 / Things Industries P '

‘.\ The Things Network V2
memnes  The old Things Network

Uplinks Downlinks

@ helium Helium Uplinks Downlinks
LoR1O T LORIOT Uplinks Downlinks
kerlink  Kerlink Wanesy Uplinks

Showing 1 to 5 of 8 results Previous Next

o -
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L& a8

LoRaWAN FARTICLE APl D Zero D Zero LTE PINCODE

STEP 2 STEP3
Network Server Devices

Add Devices

Enter one or more LoRaWAN Device EUls and the names they will have on Datacake.

DEVEUI

21 21 24 25 35 34 14 Bbytes B LLDS12

+ Add another device

Step 5: add payload decode

Location Serial Numbser Last update Product Shug
= AB404166A18219CF Mon May 31 2021 19:27:51 alaglno-ldds?5-ﬁ
GMT+0800

Dashboard@ Legacy Dashboard History Downlinks Configuration Debug Rules Permissions

General Configuration

Name

Idd75-test

Location

Tags
You can use tags to organize your devices and create filters on the dashboard

Add tag

Metadata
Metadata is displayed on the device overview and can be used in dashboards
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Payload Decoder PIDoUC w0 SETNG

When your devices sends dala, the payload will be passed ta the payload decoder, alongside the event's name, The payload decoder then transforms it 1o measrements.

L= dusctlon Deceder(byie
2 7 Decede an ugl
3 i {arrayd o
& war wib lug=|
5 war patVevalen,
&
7 waduestytes[11<o8 | brtes[i];
& EF(byres[2] & duba)
M Sor Teap. DSVBRI0 (va ot 10). EoF Luse 113/ DSLISI, Temgaraturs
11
1 wandue=bytes [4]cc Pytes[5]
1% war Busel valut/ 18] 0of Sxeal 2]
15 walue=nyTes [£ wyres[7);
i var tesp={valuesia), tof loea(1h;
17
i var §_flasg = pyres(E];
1%
EE Feturn |
- 1
n flela: “BATTERY=,
a3 walue: baty
24 Ta
- £
F ) Fleld: “LEAF_MOTSTURE™,
Eod value: Pum
F L
9 i
= flela: "LEAF_TEWPERATLRE",
pH wvalug! Tens
i ¥
2oy U
Payload Pant
1 (&) Try Decoder
Chaput ‘conscle. log Cuipu Recognized measurernents 0
After added, the sensor data arrive TTN, it will also arrive and show in Datacake.
Location Sefial Number Last update Product Shig
AB4D4166A18219CF Mon May 31 2021 19:27:51 -
dragino-ldds75-6
GMT+0800 9
Dashboard @ Legacy Dashboard History Downlinks Configuration Debug Rules Permissions G
We have introduced a new and more powerful way to create dashboards. Try out the new dashboard builder by clicking the first Dashboard tab above.
Distance Battery Voltage
2,799 mm 3 Vot
Last Update: 19 minutes ago Last Update: 19 minutes ago
Sensor Status

Sensor OK

Last Update: 19 minutes ago

Trend

3000
2250
1500

750

2.6 Datalog Feature (Since V1.1)

Datalog Feature is to ensure loT Server can get all sampling data from Sensor even if the LoRaWAN network is
down. For each sampling, PS-LB will store the reading for future retrieving purposes.
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2.6.1 How datalog works

PS-LB will wait for ACK for every uplink, when there is no LoRaWAN network,PS-LB will mark these records with
non-ack messages and store the sensor data, and it will send all messages (10s interval) after the network
recovery.

« a) PS-LB will do an ACK check for data records sending to make sure every data arrive server.

e b) PS-LB will send data in CONFIRMED Mode, but PS-LB won't re-transmit the packet if it doesn't get
ACK, it will just mark it as a NONE-ACK message. In a future uplink if PS-LB gets a ACK, PS-LB will
consider there is a network connection and resend all NONE-ACK messages.

2.6.2 Enable Datalog

User need to make sure below two settings are enable to use datalog;

« SYNCMOD=1(Default) to enable sync time via LoORaWAN MAC command, click here (AT+SYNCMOD )
for detailed instructions.
« PNACKMD=1 to enable datalog feature, click here (AT+PNACKMD[¥) for detailed instructions.

Once PS-LB Joined LoRaWAN network, it will send the MAC command (DeviceTimeReq) and the server will
reply with (DeviceTimeAns) to send the current time to PS-LB. If PS-LB fails to get the time from the server, PS-
LB will use the internal time and wait for next time request (AT+SYNCTDC to set the time request period, default
is 10 days).

Note: LoRaWAN Server need to support LoRaWAN v1.0.3(MAC v1.0.3) or higher to support this MAC
command feature, Chirpstack,TTN V3 v3 and loriot support but TTN V3 v2 doesn't support. If server
doesn't support this command, it will through away uplink packet with this command, so user will lose
the packet with time request for TTN V3 v2 if SYNCMOD=1.

2.6.3 Unix TimeStamp

PS-LB uses Unix TimeStamp format based on

Size (bytes) 4 1
DeviceTimeAns 32-bit unsigned integer : Seconds Bbits unsigned integer: fractional-
Payload since epoch* second
in ¥:"8 second steps

Figure 10 : DeviceTimeAns payload format

Users can get this time from the link: https://www.epochconverter.com/r :

Below is the converter example:
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& hopsyfeses epochon IverTEncom

om .. [ SRR 5000 G5B prochactio.. [ Dathboard - LAGH . [B) Dashbosed - TF-mini [ Dashbosrd - Hacka... [0 Helasm
@ EpochConverter
+ha — o x
. . . = EER
Epoch & Unix Timestamp Conversion Tools ®Uplink Payload In Hex
& 1,641,726,701 |
WEX  G1DA C2ED
D LenL 0] e @ Convertto demical
The current Unix epoch time ts 1641726793 DR L TR Sl ey
I @ Convertto human data BIM 0110 0001 1100 1010 1100 0010 1110 1101
u QWORD e
Convert epoch to human-readable datg and vice versa D mo - % ome -
1641726701 Timestamp to Human date  [batch comert] i 4 = -
Supports Unix timestamps in seconds, milliseconds, microseconds and nanosecands, { ¥ % +
| 4
Assuming that this imestamgp ks in seconds: 7 g8 9 o
GMT: 2022421 B9B5undayAM 1148115 4 5 6 it
Your time rone: 202281 B0 EMBE L7115 GMT=08:00
Relative: A few seconds ago 1 2 3 + k
. 0 i
!

¥r Mon Day  Hr
2022 -1 -9 11

Min  Sec

(11 |:|41 | GMT

2.6.4 Poll sensor value

= | Human date to Timestamp

Users can poll sensor values based on timestamps. Below is the downlink command.

Downlink Command to poll Open/Close status (0x31)

‘ 1byte ‘ 4bytes

31 Timestamp start

‘ 4bytes

Timestamp end

‘ 1byte

Uplink Interval

SAS timestamp
Secondsdays sind
Bin'Oct/Hex conve

Timestamp start and Timestamp end-use Unix TimeStamp format as mentioned above. Devices will reply with all
data logs during this period, using the uplink interval.

For example, downlink command 31 - 67658093 .

Is to check 2024/12/20 09:34:59 to 2024/12/20 14:34:59's data

Uplink Internal =5s, means PS-LB will send one packet every 5s. range 5~255s.

2.6.5 Datalog Uplink payload (FPORT=3)

The Datalog uplinks will use below payload format.

Retrieval data payload:

Size(bytes) 2 2
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Value Probe_mod | VDC_intput V IDC_intput_mA IN1_pin_level& Unix
IN2_pin_level& Time
Exti_pin_level&Exti_status Stamp

IN1_pin_level & IN2 pin_level & Exti_pin_level & Exti_status:

Eits [4:7] 3 2 1 0

mean Reserved | IN1 pin IN2_pin Exti_pin Exti_status
_level _level _level

No ACK Message: 1: This message means this payload is fromn Uplink Message which doesn't get ACK from
the server before ( for PNACKMD=1 feature)

Poll Message Flag: 1: This message is a poll message reply.
» Poll Message Flag is set to 1.

« Each data entry is 11 bytes, to save airtime and battery, devices will send max bytes according to the
current DR and Frequency bands.

For example, in US915 band, the max payload for different DR is:

a) DRO: max is 11 bytes so one entry of data

b) DR1: max is 53 bytes so devices will upload 4 entries of data (total 44 bytes)
c) DR2: total payload includes 11 entries of data

d) DRS: total payload includes 22 entries of data.

If devise doesn't have any data in the polling time. Device will uplink 11 bytes of 0
Example:

If PS-LB-NA has below data inside Flash:
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Stop Tx events when read sensor data
8031000 2025/1/16 10:04:47 3240 in1:low in2:low exti:low status:false vdc:7.010 idc:0.000 proble:0000
water deep:0.000

8031010 2025/1/16 10:05:47 3246 in1:low in2:low exti:low status:false vdc:3.347 idc:0.000 proble:0000
water_deep:0.000
8031020 2025/1/16 10:06:47 3240 inT1:low in2:low exti:low status:false vdc:3.346 idc:0.000 proble:0000
water deep:0.000
8031030 2025/1/16 10:07:47 3240 inT1:low in2:low exti:low status:false vdc:3.345 idc:0.000 proble:0000
water_deep:0.000
8031040 2025/1/16 10:08:47 3240 inT1:low in2:low exti:low status:false vdc:3.344 idc:0.000 proble:0000
water_deep:0.000
8031050 2025/1/16 10:09:47 3240 in1:low in2:low exti:low status:false vdc:3.344 idc:0.000 proble:0000
water_deep:0.000

8031060 2025/1/16 10:10:47 3240 inT1:low in2:low exti:low status:false vdc:3.343 idc:0.000 proble:0000
water_deep:0.000

8031070 2025/1/16 10:11:47 3240 inT:low in2:low exti:low status:false vdc:3344.000 idc:0.000 proble:
0000 water_deep:0.000
Start Tx events

OK

If user sends below downlink command: 316788D9BF6788DB6305
Where : Start time: 6788D9BF = time 25/1/16 10:04:47
Stop time: 6788DB63 = time 25/1/16 10:11:47

PA-LB-NA will uplink this payload.

eui-70b3d57ed0061911 @ Last activity 18 seconds ago ® N 954 up / 61 (App} , 60 (Nwk) down o =
1ID: eui-7@b3d57ed0061911
85 Live data T Messaging @ Location ) Payload formatters & Settings
PREVIEW Verbose stream Export as JSON ] @ Clear

DevAddz: | 26 88 €9 6D

00001B620000406788D9BF 00000D130000406788D9FB 00000D120000406788DA37
00000D110000406788DA73 00000D100000406788DAAF 00000D100000406788DAEB
00000D0OF0000406788DB27 00000D100000406788DB63

Where the first 11 bytes is for the first entry :

0000 OD10 0000 40 6788DB63

Probe_mod = 0x0000 = 0000
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VDC_intput_V = 0x0D10/1000=3.344V
IDC_intput_mA = 0x0000/1000=0mA

IN1_pin_level = (0x40& 0x08)? "High":"Low" = O(Low)
IN2_pin_level = (0x40& 0x04)? "High":"Low" = O(Low)
Exti_pin_level = (0x40& 0x02)? "High":"Low" = O(Low)

Exti_status = (0x40& 0x01)? "True":"False" = O(False)

Unix time is 0x6788DB63 = 1737022307s = 2025/1/16 10:11:47

Its data format is:

[Probe _mod, VDC intput_V, IDC _intput_ mA, IN1_pin_level, IN2_pin_level, Exti_pin_level, water_deep,
Data_time],[Probe_mod, VDC_intput_V, IDC_intput_mA, IN1_pin_level, IN2_pin_level, Exti_pin_level,

water _deep, Data_time],...

Note: water_deep in the data needs to be converted using decoding to get it.

2.6.6 Decoderin TTN V3

Overview  Livedata  Messaging  Location Claiming  General settings

I8 Overview
A End devices
Updink Dawnlink
M Live data
<» Payload formatters hd B These payload formatters ane executed on uplink messages from this end device and take precedence over application level payload formatters,
1. integrations w
Formatter type
=% Collaboratars Use application payload formatter None GRPC service CayenneLPF
O AP kiys Formatter parameter ”
function decodelplink(input) {

refturn £
data: |
bytes: input.bytes

£ General settings

warnings: [],
eEroxs: []

Please check the decoder from this link: https://github.com/dragino/dragino-end-node-decoderr?

2.7 Frequency Plans

The PS-LB/LS uses OTAA mode and below frequency plans by default. Each frequency band use different

firmware, user update the firmware to the corresponding band for their country.

http://wiki.dragino.com/xwiki/bin/view/Main/End%20Device%20Frequency%20Band/arf
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2.8 Report on Change Feature (Since firmware V1.2)
2.8.1 Uplink payload(Enable ROC)

Used to Monitor the IDC and VDC increments, and send ROC uplink when the IDC or VDC changes exceed.

With ROC enabled, the payload is as follows:

Size(bytes) 2 2

Value BAT Probe Model | 0 ~ 20mA value 0~ 30v IN1 &IN2 Interrupt flag
value & ROC _flag

IN1 &IN2 , Interrupt flag , ROC_flag:

Size( bit7 bit6 bit5 bit3 bit2 bit1 bit0

bit)

Valu | IDC_Roc_ | IDC_Roc f | VDC_Roc_ | VDC _Roc_ | IN1_pin_| | IN2_pin_| | Exti_pin_| | Exti_st
e flagL lagH flagL flagH evel evel evel atus

» IDC_Roc_flagL

80 (H): (0x80&0x80)=80(H)=1000 0000(B) bit7=1, "TRUE", This uplink is triggered when the decrease in the
IDC compared to the last ROC refresh exceeds the set threshold.

60 (H): (0x60&0x80)=0 bit7=0, "FALSE", This uplink is not triggered when the decrease in the IDC compared
to the last ROC refresh exceeds the set threshold.

» IDC_Roc_flagH

60 (H): (0x60&0x40)=60(H)=01000 0000(B) bit6=1, "TRUE", This uplink is triggered when the increase in the
value of the IDC compared to the last ROC refresh exceeds the set threshold.

80 (H): (0x80&0x40)=0 bit6=0, "FALSE", This uplink is not triggered when the increase in the value of the IDC
compared to the last ROC refresh exceeds the set threshold.

 VDC_Roc_flagL

20 (H): (0x20&0x20)=20(H)=0010 0000(B) bit5=1, "TRUE", This uplink is triggered when the decrease in the
VDC compared to the last ROC refresh exceeds the set threshold.

90 (H): (0x90&0x20)=0 bit5=0, "FALSE", This uplink is not triggered when the decrease in the VDC compared
to the last ROC refresh exceeds the set threshold.

 VDC_Roc_flagH

90 (H): (0x90&0x10)=10(H)=0001 0000(B) bit4=1, "TRUE", This uplink is triggered when the increase in the
value of the VDC compared to the last ROC refresh exceeds the set threshold.
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20 (H): (0x20&0x10)=0 bit4=0, "FALSE", This uplink is not triggered when the increase in the value of the VDC
compared to the last ROC refresh exceeds the set threshold.

e IN1_pin_level & IN2_pin_level
IN1 and IN2 are used as digital input pins.
80 (H): (0x80&0x08)=0 IN1 pin is low level.
80 (H): (0x09&0x04)=0 IN2 pin is low level.

o Exti_pin_level &Exti_status
This data field shows whether the packet is generated by an interrupt pin.

Note: The Internet pin of the old motherboard is a separate pin in the screw terminal, and the interrupt pin of the
new motherboard(SIB V1.3) is the GPIO_EXTI pin.

Exti_pin_level: 80 (H): (0x80&0x02)=0 "low", The level of the interrupt pin.
Exti_status: 80 (H): (0x80&0x01)=0 "False", Normal uplink packet.

2.8.2 Set the Report on Change

Feature: Get or Set the Report on Change.

2.8.2.1 Wave alarm mode

Feature: By setting the detection period and a change value, the IDC/VDC variable is monitored whether it
exceeds the set change value. If this change value is exceeded, the ROC uplink is sent and the comparison
value is flushed.

« Change value: The amount by which the next detection value increases/decreases relative to the previous
detection value.
o Comparison value: A parameter to compare with the latest ROC test.

AT Command: AT+ROC

Command Example Parameters Response/Explanation
AT+ROC=? Show current ROC setting 0,0,0,0(default)
OK
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a: Enable or disable the ROC

b: Set the detection interval

c: Setting the IDC change
value

d: Setting the VDC change
value

0: off

1: Turn on the wave alarm mode, send
the ROC uplink when the increment ex-
ceeds the set parameter and refresh the
comparison value.

2: Turn on the wave alarm mode, send
the ROC uplink when the increment ex-
ceeds the set parameter and refresh the
comparison value. In addition, the com-
parison value is refreshed when the de-
vice sends packets (TDC or ACT).

Range: 0~65535s

Unit: uA

Unit: mV

Example:

» AT+R0OC=0,0,0,0

/I The ROC function is not used.

« AT+R0OC=1,60,3000, 500 // Check value every 60 seconds. If there is change in IDC (>3mA) or VDC
(>500mV), sends an ROC uplink, and the comparison value is refreshed.

« AT+R0OC=1,60,3000,0

/I Check value every 60 seconds. If there is change in IDC (>3mA), send an

ROC uplink and the comparison value of IDC is refreshed. dd=0 Means doesn't monitor Voltage.

« AT+R0OC=2,60,3000,0

/I Check value every 60 seconds. If there is change in IDC (>3mA), send an

ROC uplink and the comparison value of IDC is refreshed. dd=0 Means doesn't monitor Voltage. In
addition, if the change in the IDC does not exceed 3mA, then the ROC uplink is not sent, and the
comparison value is not refreshed by the ROC uplink packet. However, if the device TDC time arrives, or if
the user manually sends packets, then the IDC comparison value is also refreshed.

Downlink Command: 0x09 aa bb cc dd

Format: Function code (0x09) followed by 4 bytes.

aa: 1 byte; Set the wave alarm mode.

bb: 2 bytes; Set the detection interval. (second)

cc: 2 bytes; Setting the IDC change threshold. (UA)

dd: 2 bytes; Setting the VDC change threshold. (mV)

Example:

e Downlink Payload: 09 01 00 3C OB B8 01 F4
o Downlink Payload: 09 01 00 3C 0B B8 00 00
» Downlink Payload: 09 02 00 3C 0B B8 00 00

Screenshot of parsing example in TTN:
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« AT+R0OC=1,60,3000, 500.

[@ | Applications > zero > End devices > ps-lb-roc > Live data

:’:"b']’:’c @ Last activity 2 hoursago = T 5up/1(Nwkidown W | =
: ps-1b-zoc
98 Device overview 82 Live data L Messaging ©® Location ) Payload formatters @ settings
Verbose siream [ bportssSON ) Fause | Clesr

E48 | Payload: { Bat_V: 2,944, Exti_pin level: "Low’, Exti_status: 'False’, IDC_Roc_flag: "FALSE", I0C_Roc_flagl: "FALSE', IDC_intput_mwA: ©, IN_pin_level: "Low, IN2_pin_level: "Low

E 45 | Payload: { Bat_V: 2.944, Exti pin_level: "Low, Exti_status: 'False”, IDC_Roc_flagh: "FALSE", IDC_Roc_flagl: "TRUE®, IDC_intput_mA: 6, IN1_pin_level: “Low’, IN2_pin_level: "Low", Probe_mod: 0] VDC_Roc_flagh: "TRUE" J VDC_Roc_flagl: “FALSE" § vDC_imtput V: 5.006 1] esseeoe
E48

£48 | Payload: { Bat_V: 2.944, Exti_pin_level: "Low", Exti_status: "False’, IDC_Roc_flagh: Hmspl 10C_Roc_flagl: “TRuE‘“ Ioc_sntput ma: 505, o pan_zeve level: "Low", Probe_mod: 0, VDC_Roc_flagh: "FALSE", VDC_Roc_flagl: “FALSE" f vbc_intput_v: o ;| ce a0 oo:
E 45 1

E 45 | Payload: { Bat_V: 2.944, Exti_pin_level: “"Low”, Exti_status: "False’ | I0C_Roc_flag: "TRUE", TDC_Roc_flagl: "FALSE", JIDC_intput_mA: 5.566, N1 _pin_level: *Low’, IN2_pin_level: Lo

a
", Probe_mod: O, VDC_Roc_flagh: 'FALSE| VDC_Roc_flagl: "TRUE" JVDC_intput Vi 3.004 1| B &0 MI

K

w", Probe_mod: 8, VDC_Roc_flagh: "FALSE", VDC_Roc_flagl: “TRUE, VDC_intput_V: © I | 658000 @

JE48 | Payload: { Bat_V: 3.222, Exti_pin_level: "Low", Exti_status: "False’, IDC_Roc_flagh: "FALSE", IDC_Roc_flagl: "FALSE", [[DC_intput_mA: 0.005, IN1_pin_level: “Low’, IN2_pin_level: “Low", Probe_mod: O, VDC_Roc_flagh: "FALSE", VDC_Roc_flagl: "FALSE', VDC_intput_V: 1.763 F | 0C¢

2.8.2.2 Over-threshold alarm mode

Feature: Monitors whether the IDC/VDC exceeds the threshold by setting the detection period and threshold.
Alarm if the threshold is exceeded.

AT Command: AT+ROC=3,a,b,c,d,e
Command Example Parameters Response/Explanation

AT+ROC=? Show current ROC setting 0,0,0,0(default)
OK

AT+R0OC=3,a,b,c,d,e a: Set the detection interval Range: 0~65535s

b: Set the IDC alarm trigger 0: Less than the set IDC threshold,

condition Alarm
1: Greater than the set IDC threshold,

Alarm

c: IDC alarm threshold Unit: uA

d: Set the VDC alarm trigger 0: Less than the set VDC threshold,

condition Alarm
1: Greater than the set VDC thresh-

old, Alarm

e: VDC alarm threshold Unit: mV

Example:

« AT+R0OC=3,60,0,3000,0,5000 /I The data is checked every 60 seconds. If the IDC is less than
3mA or the VDC is less than 5000mV, an alarm is generated.

- AT+R0OC=3,180,1,3000,1,5000 /I The data is checked every 180 seconds. If the IDC is greater than
3mA or the VDC is greater than 5000mV, an alarm is generated.
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 AT+R0OC=3,300,0,3000,1,5000 /I The data is checked every 300 seconds. If the IDC is less than
3mA or the VDC is greater than 5000mV, an alarm is generated.

Downlink Command: 0x09 03 aa bb cc dd ee

Format: Function code (0x09) followed by 03 and the remaining 5 bytes.

aa: 2 bytes; Set the detection interval.(second)
bb: 1 byte; Set the IDC alarm trigger condition.
cc: 2 bytes; IDC alarm threshold.(uA)

dd: 1 byte; Set the VDC alarm trigger condition.
ee: 2 bytes; VDC alarm threshold.(mV)
Example:

» Downlink Payload: 09 03 00 3C 00 0B B8 00 13 38
» Downlink Payload: 09 03 00 b4 01 OB B8 01 13 38
» Downlink Payload: 09 03 01 2C 00 0B B8 01 13 38

Screenshot of parsing example in TTN:

» AT+R0C=3,60,0,3000,0,5000

98 Device overview BE Livedata T Messaging

2.9 Firmware Change Log

Firmware download link:

/I Equal to AT+R0OC=3,60,0,3000,0,5000
// Equal to AT+R0OC=3,60,1,3000,1,5000
/I Equal to AT+R0OC=3,60,0,3000,1,5000

© Location ) Payload formatters

Verbase strezm

@ settings

@ Export asJSON LI - K=

https://www.dropbox.com/sh/gf1glloczbzz19h/AABbuYI4WY6VdAmMpXo601V2Ka?dI=0r

3. Configure PS-LB/LS
3.1 Configure Methods

PS-LB/LS supports below configure method:

e AT Command via Bluetooth Connection (Recommand Way): BLE Configure Instructionrd.

¢ AT Command via UART Connection : See FAQ.
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» LoRaWAN Downlink. Instruction for different platforms: See loT LoRaWAN Serverr¥ section.

3.2 General Commands

These commands are to configure:

e General system settings like: uplink interval.
o LoRaWAN protocol & radio related command.

They are same for all Dragino Devices which support DLWS-005 LoRaWAN Stack. These commands can be
found on the wiki:

http://wiki.dragino.com/xwiki/bin/view/Main/End%20Device%20AT %20Commands%20and%20Downlink%20Corr

3.3 Commands special design for PS-LB/LS

These commands only valid for PS-LB/LS, as below:

3.3.1 Set Transmit Interval Time

Feature: Change LoRaWAN End Node Transmit Interval.

AT Command: AT+TDC

Command Example Function Response
AT+TDC=? Show current transmit Interval 30000
OK

the interval is 30000ms = 30s

AT+TDC=60000 Set Transmit Interval OK
Set transmit interval to 60000ms = 60
seconds

Downlink Command: 0x01
Format: Command Code (0x01) followed by 3 bytes time value.

If the downlink payload=0100003C, it means set the END Node's Transmit Interval to 0x00003C=60(S), while
type code is 01.

o Example 1: Downlink Payload: 0100001E /I Set Transmit Interval (TDC) = 30 seconds
o Example 2: Downlink Payload: 0100003C /I Set Transmit Interval (TDC) = 60 seconds

3.3.2 Set Interrupt Mode

Feature, Set Interrupt mode for GPIO_EXIT.
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AT Command: AT+INTMOD

Command Example Function Response
AT+INTMOD="? Show current interrupt mode 0
OK

the mode is 0 =Disable Interrupt

AT+INTMOD=2 Set Transmit Interval OK
0. (Disable Interrupt),

1. (Trigger by rising and falling edge)
2. (Trigger by falling edge)

3. (Trigger by rising edge)

Downlink Command: 0x06
Format: Command Code (0x06) followed by 3 bytes.

This means that the interrupt mode of the end node is set to 0x000003=3 (rising edge trigger), and the type code
is 06.

o Example 1: Downlink Payload: 06000000 /I Turn off interrupt mode
« Example 2: Downlink Payload: 06000003 // Set the interrupt mode to rising edge trigger

3.3.3 Set the output time

Feature, Control the output 3V3, 5V or 12V.
AT Command: AT+3V3T

Command Example Function Response
AT+3V3T=" Show 3V3 open time. 0

OK
AT+3V3T=0 Normally open 3V3 power supply. OK

default setting

AT+3V3T=1000 Close after a delay of 1000 milliseconds. OK

AT+3V3T=65535 Normally closed 3V3 power supply. OK

AT Command: AT+5VT

Command Example Function Response
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AT+5VT=" Show 5V open time. 0
OK
AT+5VT=0 Normally closed 5V power supply. OK

default setting

AT+5VT=1000 Close after a delay of 1000 milliseconds. OK

AT+5VT=65535 Normally open 5V power supply. OK

AT Command: AT+12VT

Command Example Function Response
AT+12VT="? Show 12V open time. 0
OK
AT+12VT=0 Normally closed 12V power supply. OK
AT+12VT=500 Close after a delay of 500 milliseconds. OK
AT+12VT=65535 Close after a delay of 65535 ms (not normally OK
open).

Downlink Command: 0x07
Format: Command Code (0x07) followed by 3 bytes.
The first byte is which power, the second and third bytes are the time to turn on.

« Example 1: Downlink Payload: 070101F4 ---> AT+3V3T=500

o Example 2: Downlink Payload: 0701FFFF ---> AT+3V3T=65535
» Example 3: Downlink Payload: 070203E8 ---> AT+5VT=1000

o Example 4: Downlink Payload: 07020000 ---> AT+5VT=0

o Example 5: Downlink Payload: 070301F4 ---> AT+12VT=500

» Example 6: Downlink Payload: 07030000 ---> AT+12VT=0
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A Note on Maximum Settable Time & Output Behavior

o AT+3V3T:
e =0: Normally open
o =65535: Normally closed (before v1.2) --> 180s delay (after v1.2)

o AT+5VT:
e =0: Normally closed
o =65535: Normally open (before v1.2)  -->180s delay (after v1.2)

o AT+12VT:

e =0: Normally closed

o =65535: Delay of 65535 ms only (before v1.2)  -->180s delay (after v1.2)
* Note: The 12V output does not support normally open in any version.

Before v1.2, the maximum settable time for all three commands is 65535 ms.
After v1.2, the maximum settable time is extended to 180 seconds (180000 ms).

\

Therefore, the corresponding downlink command is increased by one byte to five bytes.
Example:

e 120s=120000ms(D) =0x01D4CO0O(H), Downlink Payload: 07 01 01 D4 CO ---> AT+3V3T=120000
+ 100s=100000ms(D) =0x0186A0(H), Downlink Payload: 07 02 01 86 A0 ---> AT+5VT=100000
» 80s=80000ms(D) =0x013880(H), Downlink Payload: 07 03 01 38 80 ---> AT+12VT=80000

3.3.4 Set the Probe Model

Users need to configure this parameter according to the type of external probe. In this way, the server can
decode according to this value, and convert the current value output by the sensor into water depth or pressure
value.

AT Command: AT +PROBE
AT+PROBE=aabb

When aa=00, it is the water depth mode, and the current is converted into the water depth value; bb is the probe
at a depth of several meters.

When aa=01, it is the pressure mode, which converts the current into a pressure value;

bb represents which type of pressure sensor it is.
(A->01,B->02,C->03,D->04,E->05,F->06,G->07,H->08,1->09,J->0A K->0B,L->0C)

When aa=02, it is the Differential Pressure Sensor , which converts the current into a pressure value;

bb represents which type of pressure sensor it is.
(0~100Pa->01,0~200Pa->02,0~300Pa->03,0~1KPa->04,0~2KPa->05,0~3KPa->06,0~4KPa->07,0~5KPa-
>08,0~10KPa->09,-100~ 100Pa->0A,-200~ 200Pa->0B,-1~ 1KPa->0C)

Command Example Function Response
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AT+PROBE="? Get or Set the probe model. 0
OK
AT+PROBE=0003 Set water depth sensor mode, 3m type. OK
AT+PROBE=000A Set water depth sensor mode, 10m type. OK
AT+PROBE=0064 Set water depth sensor mode, 100m type. OK
AT+PROBE=0101 Set pressure transmitters mode, first type(A). OK
AT+PROBE=0000 Initial state, no settings. OK

Downlink Command: 0x08
Format: Command Code (0x08) followed by 2 bytes.

o Example 1: Downlink Payload: 080003 ---> AT+PROBE=0003
o Example 2: Downlink Payload: 080101 ---> AT+PROBE=0101

3.3.5 Multiple collections are one uplink (Since firmware V1.1)

Added AT+STDC command to collect the voltage of VDC_INPUT/IDC_INPUT multiple times and upload it at one
time.

AT Command: AT +STDC
AT+STDC=aa,bb,cc

aa:
0: means disable this function and use TDC to send packets.

1: means that the function is enabled to send packets by collecting VDC data for multiple times.
2: means that the function is enabled to send packets by collecting IDC data for multiple times.

bb: Each collection interval (s), the value is 1~65535

cc: the number of collection times, the value is 1~120

Command Example Function Response
AT+STDC=? Get the mode of multiple acquisitions and 1,10,18
one uplink. OK
AT+STDC=1,10,18 Set the mode of multiple acquisitions and Attention:Take effect after
one uplink, collect once every 10 seconds, ATZ
and report after 18 times. OK
AT+STDC=0, 0,0 Use the TDC interval to send packets. Attention:Take effect after
(default) ATZ
OK
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Downlink Command: OxAE
Format: Command Code (OxAE) followed by 4 bytes.
o Example 1: Downlink Payload: AE 01 02 58 12 ---> AT+STDC=1,600,18

3.4 Print data entries base on page(Since v1.1.0)

Feature: Print the sector data from start page to stop page (max is 416 pages).

AT Command: AT+PDTA

Command Example Function

AT+PDTA=1,1 Stop Tx events when read sensor data

Print page 110 1 8031000 1970/1/1 00:00:00 0 in1:low in2:low exti-low status:false
vdc:0.000 idc:0.000 proble:0000 water_deep:0.000

8031010 1970/1/1 00:00:00 0 in1:low in2:low exti:low status:false
vdc:0.000 idc:0.000 proble:0000 water_deep:0.000

8031020 1970/1/1 00:00:00 0 in1:low in2:low exti:low status:false
vdc:0.000 idc:0.000 proble:0000 water_deep:0.000

8031030 1970/1/1 00:00:00 0 in1:low in2:low exti:low status:false
vdc:0.000 idc:0.000 proble:0000 water_deep:0.000

8031040 1970/1/1 00:00:00 0 in1:low in2:low exti:low status:false
vdc:0.000 idc:0.000 proble:0000 water_deep:0.000

8031050 1970/1/1 00:00:00 0 in1:low in2:low exti:low status:false
vdc:0.000 idc:0.000 proble:0000 water_deep:0.000

8031060 1970/1/1 00:00:00 0 in1:low in2:low exti:low status:false
vdc:0.000 idc:0.000 proble:0000 water_deep:0.000

8031070 1970/1/1 00:00:00 0 in1:low in2:low exti:low status:false
vdc:0.000 idc:0.000 proble:0000 water_deep:0.000

Start Tx events

OK

Downlink Command:

No downlink commands for feature

3.5 Print last few data entries(Since v1.1.0)

Feature: Print the last few data entries
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AT Command: AT+PLDTA

Command Example Function

AT+PLDTA=10 Stop Tx events when read sensor data

Printlast 10 entries 0001 2025/5/19 06:16:50 3246 in1:low in2:low exti:low status:false
vdc:3.352 idc:0.000 proble:0000 water_deep:0.000

0002 2025/5/19 06:17:50 3246 in1:low in2:low exti:low status:false
vdc:3.352 idc:0.000 proble:0000 water_deep:0.000

0003 2025/5/19 06:18:50 3246 in1:low in2:low exti:low status:false
vdc:3.352 idc:0.000 proble:0000 water_deep:0.000

0004 2025/5/19 06:19:50 3246 in1:low in2:low exti:low status:false
vdc:3.352 idc:0.000 proble:0000 water_deep:0.000

0005 2025/5/19 06:20:50 3246 in1:low in2:low exti:low status:false
vdc:3.352 idc:0.000 proble:0000 water_deep:0.000

0006 2025/5/19 06:21:50 3246 in1:low in2:low exti:low status:false
vdc:3.351 idc:0.000 proble:0000 water_deep:0.000

0007 2025/5/19 06:22:50 3240 in1:low in2:low exti:low status:false
vdc:3.351 idc:0.000 proble:0000 water_deep:0.000

0008 2025/5/19 06:26:44 3276 in1:low in2:low exti:low status:false
vdc:3.385 idc:0.000 proble:0000 water_deep:0.000

0009 2025/5/19 06:27:36 3246 in1:low in2:low exti:low status:false
vdc:3.351 idc:0.000 proble:0000 water_deep:0.000

0010 2025/5/19 06:28:36 3240 in1:low in2:low exti:low status:false
vdc:3.351 idc:0.000 proble:0000 water_deep:0.000

Start Tx events

OK

Downlink Command:

No downlink commands for feature

3.6 Clear Flash Record(Since v1.1.0)

Feature: Clear flash storage for data log feature.

AT Command: AT+CLRDTA

Command Example Function Response
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AT+CLRDTA Clear date record Clear all stored sensor data...
OK

Downlink Command: 0xA3

o Example: 0xA301 /| Same as AT+CLRDTA
4. Battery & Power Consumption

PS-LB use ER26500 + SPC1520 battery pack and PS-LS use 3000mAh Recharable Battery with Solar Panel.
See below link for detail information about the battery info and how to replace.

Battery Info & Power Consumption Analyze .

5. OTA firmware update

Please see this link for how to do OTA firmware
update: http://wiki.dragino.com/xwiki/bin/view/Main/Firmware%200TA%20Update %20for%20Sensors/ 4

6. FAQ
6.1 How to use AT Command via UART to access device?

See:
http://wiki.dragino.com/xwiki/bin/view/Main/lUART %20Access%20for%20LoRa%20ST%20v4 %20base%20model;

6.2 How to update firmware via UART port?

See: http://wiki.dragino.com/xwiki/bin/view/Main/UART %20Access%20for%20LoRa%20ST%20v4%20base%20n

6.3 How to change the LoRa Frequency Bands/Region?

You can follow the instructions for how to upgrade image.
When downloading the images, choose the required image file for download.

6.4 How to measure the depth of other liquids other than water?
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Test the current values at the depth of different liquids and convert them to a linear scale.
Replace its ratio with the ratio of water to current in the decoder.

Example:

Measure the corresponding current of the sensor when the liquid depth is 2.04m and 0.51m.

Calculate scale factor:

Use these two data to calculate the current and depth scaling factors: (7.888-5.035)/(2.04-
0.51)=1.86470588235294

Calculation formula:

Use the calibration formula: (Current current - Minimum calibration current)/Scale factor + Minimum actual
calibration height

Actual calculations:

Use this formula to calculate the value corresponding to the current at a depth of 1.5 meters: (6.918-

5.035)/1.86470588235294+0.51=1.519810726

Error:

0.009810726

Diesel Fuel
The current corresponding Calibration
Length (cm) first measurement second measurement third measurement to the depth Scale factor (mA/m) Actual value(m) Error(m)
0.51 M Height Fuel 1st Payload 2nd Payload 3rd Payload current Calculation formula Calculation formula
(Current current -
Minimum calibration
current)/Scale factor
+ Minimum actual
0ce2000713ab000000 0ce2000713ab000000 0ce2000713ab000000 5.035mA (7.888-5.035)/(2.04-0.51) |calibration height
".045M Height Fuel 1st Payload 2nd Payload 3rd Payload current
0ce200071728000000 0ce2000717a3000000 Oce2000717a8000000 6.056mA 1864705882 1057539432 0.012539432
"1.5M Height Fuel 1st Payload 2nd Payload 3rd Payload |current
0ce200071b06000000 0ce200071b06000000 0ce200071b06000000 6.918mA 1864705882 1519810726 0.009810726
'2.04 M Height Fuel 1st Payload 2nd Payload 3rd Payload current

0ce200071240000000

0ce2000712d0000000

0ce2000712d0000000

7.888mA

1864705882

204

0

6.5 Cable & Probe Material Compatibility(Immersion type)

Since the installation method of immersion sensors requires immersion in a liquid environment, the discussion of
liquids that can be safely installed is very important.

The material of the immersed part of the immersion sensor:

« Cable Jacket: Black polyurethane (PU) — Resistant to water, oils, and mild chemicals.
¢ Probe Material: 316 stainless steel — Corrosion-resistant in most industrial/marine environments.

Chemical Compatibility:

« Polyurethane (PU) Cable: Resists water, oils, fuels, and mild chemicals but may degrade with prolonged
exposure to strong acids, bases, or solvents (e.g., acetone, chlorinated hydrocarbons).

+ 316 Stainless Steel Probe: Suitable for water, seawater, mild acids/alkalis, and industrial fluids. Avoid

highly concentrated acids (e.g., hydrochloric acid) or chlorides at high temperatures.

Chemical Resistance Chart for Polyurethane (PU) Cable
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Chemical Resistance Notes
Water Excellent No degradation
Saltwater Good Long-term exposure possible

Qils & Greases Excellent Resistant to most petroleum-based oils
Fuels (Diesel, Gasoline) Good Avoid prolonged immersion

Weak Acids (e.g., Acetic Acid) Good Low concentration (<10%)

Weak Bases (e.g., Ammonia) Good Low concentration (<10%)

Strong Acids (e.g., Sulfuric, Hydrochloric)  Poor
Strong Bases (e.g., Sodium Hydroxide) Poor
Ketones (e.g., Acetone) Poor

Chlorinated Solvents Poor

Avoid — degradation likely
Avoid high concentrations
Swelling/softening occurs

Not recommended

Chemical Resistance Chart for 316 Stainless Steel Probe

Chemical Resistance
Water (Fresh & Salt) Excellent

Weak Acids (e.g., Citric, Acetic) Excellent

Weak Bases (e.g., Ammonia) Excellent
Strong Acids (e.g., Nitric) Good (Diluted)
Hydrochloric Acid Poor

Sulfuric Acid Fair (Diluted)
Chlorides (e.g., Bleach) Fair

Organic Solvents Excellent

Notes

Highly resistant to corrosion

Up to moderate concentrations

No significant effect

Avoid concentrated forms

Highly corrosive, even diluted

Avoid >10% concentration

Risk of pitting corrosion in high concentrations

No reaction with alcohols, aldehydes

6.6 Differential pressure sensor tubing fitting installation

Our accessories will come with a long air tube and two white plastic installation parts.

The air tube can be divided into two according to the on-site situation.
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High temperature is needed to reinforce the connection between the air tube and the equipment.

\ rd

&

e

6.7 Water Depth Always shows 0 in payload

If your device's IDC_intput_mA is normal, but your reading always shows 0, please refer to the following points:
1. Please set it to mod1
2. Please set the command AT+PROBE [ according to the model of your sensor

3. Check the connection status of the sensor

6.8 Why is there no LED response when | press the button on the solar panel
model?

If the LED does not light up when you press the button, it may be because the battery has entered protection
mode.

Solution: To reactivate the battery, simply expose the solar panel to direct sunlight.
For more details, please refer to: Battery Protection State (Apply_to Solar Panel + Li-ion battery)rd

7. Order Info

7.1 Thread Installation Type , Immersion Type Pressure Sensor and Food
Safety Thread Type

Part Number: PS-LB/LS-Txx-YY or PS-LB/LS-Ixx-YY or PS-LB/LS-Fxx-YY
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XX: Pressure Range and Thread Type

YY: The default frequency band

* YY: Frequency Bands, options: EU433,CN470,EU868,IN865,KR920,AS923,AU915,US915

IPS : Pressure Sensor Serigs Prafix

I‘."'.firla@s Tach: L: LoRaWAM , N : MB-1oT , G CAT-h1 I

|eattary Typs: B 2500mAH LI-S0IC2 Battery - S: Solar Panal + Li-on Battery |
Frobs Typs: TZ20 Thread Type - M20x 1.3
T14 Thread Type - M14x 1.3
T27 Thread Type - M27 x 2
TG2 Thread Type - G1/2
TG4 Thread Type - G174
TH4 Thread Typse - NPT1/4
TP4 Thread Typse - FT1/4
11 Immersion VWersion - 1 mster cable
12 Immersion VWersion - 2 mster cable
13 Immersion VWersion - 3 mster cable
14 Immersion Version - 4 mster cable
L Immersion Version - o« meter cabls
1100 Immersion Version - 100 mster cabls
F20 Food Safsty Thread Type (316L stainless steel) for Viscous Liguid - M20x 1.5
FG2 Food Safsty Thread Type (3161 stainless steel) for Viscous Liguid - G1/2
FG4 Food Safsty Thread Type (3161 stainless steel) for Viscous Liguid - G174
FM4 Food Safsty Thread Type (316L stainlsss stesel) for Viscous Liguid - MPTL/4
FP4 Food Safety Thread Type {2161 stainless steal) for Viscous Liguid - PT1/4
PRESSURE -- Only for Thread Type
A 0-0.6MPa
B 0-1nPa
c 0-1.6MPa
D 0-2.5MPa
E 0-10MPa
F 0—-40MPa
G 0—-60MPa
H -0.1-0MPa
1 -0.1-0.1MPa
] 0-5KPa
K 0—-50KPa
L 0-100KPa
Frequency or CM470/EU433/KRO20/UE015S
SIM Version EUBGB/AS023/AUBLS/INBES
GE -- General varsion | Excluds SIM card)
1T -- With 1MCE & ThingsEys Fre-configurad
FS - L B - T20 - B ELBGE Exampls: PS-LB-T20-B-ELIBEE
PS - L S - I3 - LISE15 Exampls: PS-L5-13-U5315
FS - M B - T20 - B GE Exampls: P5-MB-T20-B-GE
PS - M S - 15 - 1T Exampls: PS-MS-13-1T
FE - C B - TI0 - B GE Exampls: P5-CB-TZ0-B-GE
FS - C S - I3 - 1T Exampls: P5-C5-15-1T

7.2 Wireless Differential Air Pressure Sensor

Part Number: PS-LB-Dxx-YY or PS-LS-Dxx-YY

XX: Differential Pressure Range
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YY: The default frequency band

* YY: Frequency Bands, options: EU433,CN470,EU868,IN865,KR920,AS923,AU915,US915

|F'S . Differential Pressure Sensor Series Prefix

| Wirless Tech: L: LoRaWAN N : NB-loT, C: CAT-M1

|Bat‘u=:r3,r Type: B: 8500mAH LI-S0I1C2 Battery ; 5: Solar Panel + Li-ion Battery |

|Pr0be Type: D

Differential Pressure Sensor

PRESSURI; -- Only for Thread Type

01 0-100Pa

"o02 0-200Pa

" 03 0-300Pa

" 04 0-1KPa

05 0-2KPa

" 06 0-3KPa

Too7 0-4KPa

" 08 0-5KPa

" 09 0-10KPa

" 10 -100- 100Pa

S | -200- 200Pa

12 -1- 1KPa

" 13 0 - 100KPa

14 0 - 500Pa

Frequency CN470/EU433/KR920/US915/

or SIM FUSES/AS5923/AU915/INSES
Version GE - - General version { Exclude SIM card)
IT -- With 1INCE & ThingsEye Pre-configured

PS - L B- D " 01  EUS68 Example: PS-LB-D01-EUS68
PS - L S- D " 01 CN470 Example: PS-LS-D01-CN470
PS - N B- D " 02 - GE Example: PS-NB-D02-GE
PS - N S - D " 02 - 1T Fxample: PS-NS-D02-1T
PS - C B- D " 03 - GE Example: PS-CB-DO03-GE
PS - C S- D " 03 - 1T Example: PS-CS-D03-1T

8. Packing Info

Package Includes:

e PS-LB/LS-Txx/Ixx_LoRaWAN Air/Water Pressure Sensor x1 or PS-LB/LS-Dxx_LoRaWAN Differential
Pressure Sensor x 1 or PS-LB/LS-Fxx_LoRaWAN Food Safety Thread Sensor x 1

External antenna x 1

Dimension and weight:

Device Size: cm

Device Weight: g
Package Size / pcs : cm
Weight/pcs : g

9. Support
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o Support is provided Monday to Friday, from 09:00 to 18:00 GMT+8. Due to different timezones we cannot
offer live support. However, your questions will be answered as soon as possible in the before-mentioned
schedule.

« Provide as much information as possible regarding your enquiry (product models, accurately describe
your problem and steps to replicate it etc) and send a mail to Support@dragino.ccr?.
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