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Optris Easy Comm via Ethernet

Introduction

Optris Easy Comm is a small and simple software solution for developers who wants to have direct access
to temperature data out of Optris infrared camerasl. The complex temperature calculation is fully
processed in the device and the user of Easy Comm gets temperature information of all pixels.

This document gives a short overview of the interface and protocol, how to setup the camera and
describes the format for the temperature data stream.

Interface and Protocol

Besides the established USB interface for Optris infrared cameras, some cameras also have an Ethernet
interface as a second communication path especially for a longer distance between instrument and
processing PC. For real-time data streaming Optris use the User Datagram Protocol (UDP). This
connectionless communication model provides only checksums for data integrity, source and destination
port numbers and the packet length. With this minimal set UDP is preferred for fast data streaming, but
has a few drawbacks. UDP has no handshake-mechanism, there is no guarantee of delivery, ordering,
or duplication protection. If some error protection is needed, the user must handle this in their application.

Optris infrared cameras with Ethernet interface act as UDP client for video streaming (temperature or raw
data) and sends packets to a user selectable port. Easy Comm Ethernet software examples act as UDP
server who listen to this port.

The default configuration is the following:
Camera IP address:  192.168.0.101
Computer IP address: 192.168.0.100
Subnet mask: 255.255.255.0
Port number: 50101

The transfer from camera to computer does not need to be initiated and it cannot be stopped, but the
camera must be configured for it.

* only for Xi 80 and Xi 410
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Setup the camera

After installing the latest Optris PIX Connect and connecting an Optris infrared camera with Ethernet
interface to your computer (for setup see Xi or PIX Connect manual), you can configure the camera for
the specific measurement environment.

It depends on the type of camera what you can configure.

Important: Easy Comm must use Flag automatic enabled!

Function Xi 80 Xi 410
Tab - Measure areas
max. measurement areas * 9 3
Shape all
Mode Minimum, Maximum, Mean value, Distribution [%]
Measure area depending on emissivity = Yes No
max. calculated objects 9
Operation Difference, Absolute difference, Average, Peak Hold, Valley
Hold, Adv. Peak Hold, Adv. Valley Hold
Tab - Device
Flag automatic Yes
min. / max. Interval Yes
Emissivity Yes
Transmissivity Yes
Ambient temperature Yes
Temperature range Yes
Video formats Yes
Tab - Alarms
Low / high Alarms Yes
Alarms to PIF (AO/DO) Yes
Tab — Device (PIF)
Analog Inputs Emissivity, Ambient temperature, Flag Control, Reset Peak-
/Valley-Hold
Analog Outputs Measure area, Internal temperature, Flag Status, Alarm, Frame
sync, Fail-safe, Autonomous status
Digital Outputs Flag Status, Alarm, Frame sync, Fail-safe, Autonomous status
Fail-safe No Yes

All these configurations are handled by the camera. Some configurations are applied immediately, some
configurations must be enabled by checking “using autonomously by device”.

*) Via a super area several measuring areas can be bundled into one measuring area.
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After finishing the configuration, it must be stored in the camera. This is handled differently by device.

Xi 80:
e wait for at least 5 seconds after closing Configuration with “OK”
Xi 410:
o click on “Set configuration to device” & in Devices | Tools  Help

menu bar Devices Refresh flag F3

Enable Ethernet

a%  Ethernet settings (TCP/IP) ...
M
L=

Set configuration to device

Configuration done! Now activate the “Direct temperature mode” to work with Easy Comm. This is done
in the Configuration menu under External Communication.

Snapshots / Copy to clipboard  Trig. Recording / Snapshots  Capture Screen Histogram  Extended measuring  Measuring colors
General Measure areas  Temp. profiles  Temp/Time diagram Device Device (PIF) Referencing Recording  Playing
IR Image amanging Alams Event grabber Extemal Communication | Extended Layout

Mode Direct temperature mode
® Off (O Connect SDK (IPC) (O COM-Port () Web Server Enabled

Once the “Direct temperature mode” is enabled, PIX Connect Rt ‘egp;agifgde
shows “temperature mode” in the corners of the live IR image. _ 197,

temperature mode temperature mode

Before you close PIX Connect to work with Easy Comm check the focus settings!
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Easy Comm — Ethernet Examples

Easy Comm Ethernet examples (C#) are located in the installation path of v EasyComm
PIX Connect or can be easily found in the PIX Connect software menu under

W Ethernet
Help and Easy Comm. These ready to use software examples show, how to: B0Ethemet
e setup a UDP server listening on the default port 50101 ¥id10Ethernet

e collect the temperature data from the data stream
e create a bitmap to show this in the user interface

Once the application has a complete temperature array, the user can build their own post processing
algorithm.

To understand the structures behind the code, more information about the temperature streaming format
is needed.

Streaming Data Format

Due to the different resolution of Xi 80 and Xi 410 the data format is slightly different. But both cameras
send packets with a specific length. The length of a packet depends on how many rows are in one packet.
For Xi 80 there are three rows and for Xi 410 there is only one row per packet. Each row contains all
pixels for this row with two bytes per pixels plus two header bytes. The first byte of the header is a row
counter and the second byte is an image counter. Additionally, there are two more rows for metadata.

Data details Xi 80 Xi 410 |
Image resolution with metadata 80 x 84 384 x 242

Image resolution 80 x 80 384 x 240

Rows per packets 3 1

Bytes per pixel 2

Header length in bytes 2

Packet length bytes 482 770

Table 1: Summary of data details

The packet length is now calculated by following formula:

Packet length = Header length + (Rows per packet * Row length * 2 Bytes per pixel)

Xi 80: Packet length = 2 Bytes + (3 * 80 * 2 Bytes) = 482 Bytes
Xi 410: Packet length = 2 Bytes + (1 * 384 * 2 Bytes) = 770 Bytes
Packet details will be explained with protocol screen shots from “Wireshark”, a free Ethernet protocol tool.

It is highly recommended for the developer to verify all data transfers on the camera Ethernet bus with
“Wireshark”.
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Packet details — Xi 80

In the screen shot below it can be seen that with this packet the image starts with row number 0x00
(0 decimal) of an image, numbered with 0x1d (29 decimal) and the length of 482 bytes. Followed by the
next UDP packets.

[ “Ethernet 3

Datei  Bearbeiten Ansicht Navigation Aufzeichnen Analyse Statistiken Telephonie  Wireless Jools  Hilfe

4. g® BRERe=2=ZF oS EQaQaHE

(W[ Anzeigefiiter anwenden ... <Clrl-/> E -+
No. Time Source Destination Protocol Length bmRequestType Data Text Info ~
2828 2.8147064 192.168.8.181 192.168.8.188 UDP 524 4blce2@4e4@4e40404040604070427040504e..  K\@349\00.. 49154 » 58181 Len=482
2829 2.914704 192.168.08.101 192.168.0.100@ UDP 524 4elcedp4dfede204030425040304e1040404e.. | N\a34 9 \Ba,. 49154 » 508101 Len=482
283@ 2.914919 192.168.8.101 192.168.0.10@ UDP 524 51lc Q\e34 49154 -+ 50101 |Len=482
2831 2.833889 192.168.8.181 192.168.8.188 UDP 524 081de504e684ededf104f 304 70aFBRATcRAT.. 49154 » 58181 Len=482
2832 2.833889 192.168.8.181 192.168.8.188 UDP 524 @3ldesadecasfonsfo04fse4fanatonafanst.. \pa3\@359.. 49154 + 58181 Len=482
2833 2.933089 192.168.08.101 192.168.0.100@ UDP 524 @6ldecedefoaf204f504TE04T004TCcO4TCOLT.. \aas\p359.. 49154 » 50101 Len=482 hd
Frame 2831: 524 bytes on wire (4192 bits), 524 bytes captured (4192 bits) on interface \Device\NPF_[6363@840-5074-48F7-BF63-4E77301EFBO1}, id @ ~

Ethernet II, Src: Optris_©a:33 (9c:43:1e:7@:0a:33), Dst: Celink @d:26:6c (a@:ce:c8:8d:26:6¢C)

Internet Protocol Version 4, Src: 192.168.8.181, Dst: 192.168.0.100

User Datagram Protocol, Src Port: 49154, Dst Port: 58181

Data (482 bytes) hd
a@ ce c8 @d 26 6c 9¢ 43 le 7@ @a 33 @3 @0 45 @@ - &L C p-3 E- A
@1 fe ad 2c @@ @@ ff 11 8a a8 c@ a8 @8 65 c@ ad Ty meees e

9028 00 64 cB 82 c3 b5 @1 ea e .

E 7 84 f3 84 fc @4 fd 04 ff @

2030

LLX M0z @5 83 o5 8 85 ©a 85 @b @5 ed 85

eese [

8068

2070 [:FM-

2880 7 04 o0 8

LLE oG a5 85 S 86 85 B7 85 85 85 @9

XM @5 09 05 @c 05 ef o5 85 @e 85 10 85

8aba a 5 13 @5 15 5 12 85 16 85 12

[LI-Jl16 @5 18 @5 19 85 1a 05 85 1a @5 e2 @4 ed @ - S v
O 7 Bytes 42-523: Text (data.text) Pakete: 3123 - Angezeigt: 3123 (100.0%)- Verworfen: 0 (0.0%) || Profil: Default

The next 2 bytes contain the temperature of the first pixel in this row, the most left pixel (0,0) in the row
of the image, the next two bytes contain the temperature of the next pixel (1,0) to the right and so on. The
temperature values are 16 bit numbers, stored with the LSB first. So, value for the top left pixel is 0x04e5
(1253). The value is in a special format, which is defined as:

Temperature in °C = (value — 1000) / 10
For this example: 25.3 °C.

Generally, the packets have this format with row number n.

Header Data

row counter | image counter | LSBpon  MSBeon | LSBexan  MSBean | ...|LSBpao.n  MSBeue.n
Data
LSBexo 1 MSBpionet | LSBeuina  MSBenmt [ ... [ LSBrao.n MSBrasm
Data
LSBexo. o MSBrionsz |LSBeuimz MSBeanz [ ... [ LSBraone MSBeasme

The next UDP packet is followed by row number n+3.

Header Data
row counter+3 | image counter | LSBpxo,n+3a  MSBpyo, n+3 I LSBpy1, n+3  MSBpxi, nt3 I I LSBpyro,n+3a  MSBpxro, n+3
Data
LSBeo.nia  MSBpyo.nes | LSBeyinsa MSBeuynes | ... | LSBryzones  MSBpyzo, nea
Data
LSBrio.ms  MSBeans [LSBeams MSBeans [ ... [ LSBeasms MSBeas ms
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The last UDP packet with real image data has the row number Ox4e (78). This packet includes 2 rows
(row 78 and 79) and the start of the metadata. The next packet with row number 0x51 (81) includes the
second part of metadata and two rows with dummy data. Because each UDP frame contains 3 rows of
image data the complete UDP image has a format of 80x84 to have a multiple of 3 rows.

The last UDP packet of a complete image has the row number 0x51 (81). Then the row number rolls over
to 0x00 and the image number is incremented by one.
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Packet details — Xi 410

In the screen shot below it can be seen that with this packet the image starts with row number 0x00
(0 decimal) of an image, numbered with 0x75 (117 decimal) and the length of 770 bytes. Followed by the
next UDP packets.

/| “Ethernet 3

= [m]
Datei  Bearbeiten Ansicht Mavigation Aufzeichnen Analyse  Statistiken Telephonie  Wireless  Tools  Hilfe
Am i@ Res=sFsEEaaaxn
[ Janzsigefiter anwenden _ <Cirl-/> Ea -+
Na. Time Source Destination Protocal Length  bmRequestType Data Text Info -
548 1.409471 192.168.08.101 192.163.08.160 UDP 812 ef74foedefodeBodeiote2o4e1040004de04d.. €€ \0o4.. 49153 » 50181 Len=770
549 1.489738 192.168.8.181 192.168.8.188 UDP 812 f@740f88052a0f 80207 85000000000000260.. | €t\017€ .. 49153 + 50181 Len=770
558 1.489730 192.168.8.101  192.168.8.168 UDP 812 17483805220 =8020f @t\p179 .. 49153 > 58161
551 1.451208 192.168.8.101 192.168.9.1e@ UDP 812 v i @@75ebesec 60! ba! - 49153 + 50101 Len=770
552 1.451288 192.168.8.181 192.168.8.188 UDP 812 a1 b b al b d@5@.. \@@lu\v\@.. 49153 + 58181 Len=77@ w
Frame 551: 812 bytes on wire (6496 bits), 812 bytes captured (6496 bits) on interface \Device\NPF_{63638849-5874-48F7-BF63-4E77391EFE91}, id @ A
Ethernet IT, Src: Optris_B9:1d (9c:43:1e:78:89:1d), Dst: Celink_8d:26:6c (a@:ce:c8:0d:26:6c)
Internet Protocol Version 4, Src: 192.168.8.101, Dst: 192.168.0.100
User Datagram Protocol, Src Port: 49153, Dst Port: 58101
Data (77@ bytes) hd
9000 @@ ce ¢ @d 26 6c 9c 43 1le 79 89 1d 93 09 45 @0 &l-C p--E- -~
1 83 le 1a 2@ 8@ @@ ff 11 1c 95 B a8 B8 65 c® a8 - 0 oo e -
2020 08 64 c@ Bl c3 b5 63 8a 65 b [LREN-IN- T
CCECIMo: 05 06 85 87 @5 Pe B5 @b O S @b 05 Of OSQ- -- - - -c -ceeneon
L NNOh @5 @c @5 @a @5 @a 05 @ d 05 O7 OSJ--ccrree srreraa
LT Ah @5 Ge @5 89 85 Bb 85 89 65 Bb 85 Gd 85 10 OGS - - - e
:I-M09 05 b @5 @b 05 6b ©5 of 05 6a 05 0d 05 of oS- - - ceocn
Ly MA9 85 @d @5 @d 85 Bb B85 ©Ba B85 Bb 65 Bd B5 11 ASEEE: s rerieaas
L0 05 8d o5 85 6c 85 Bc 85 6b 05 89 65 Oc OS5 - - - - -
[-ERled @5 ed 85 13 @5 @3 85 O b 05 Of OS- -« cccenny
CEECEEeT @5 ef @5 11 @5 11 85 e @ 05 ed @5
:LNOT 05 11 05 od 85 6a 05 of 65 6d 85 10 05 Oc OS---- - -
[ Mlloc @5 18 85 11 @5 od 85 05 0 05 11 OS- - ----- eceee- v
(O 7 wireshark_Ethernet 3E4W220.pcapng Pakete: 869 - Angezeigt: 869 (100.0%)- Verworfen: 0 (0.0%) || Profil: Default

The next 2 bytes contain the temperature of the first pixel in this row, the most left pixel (0,0) in the row
of the image, the next two bytes contain the temperature of the next pixel (1,0) to the right and so on. The
temperature values are 16 bit numbers, stored with the LSB first. So, value for the top left pixel is 0x050b
(1291). The value is in a special format, which is defined as:

Temperature in °C = (value — 1000) / 10
For this example: 29.1 °C.

Generally, the packets have this format with row number n.

Header Data

row counter [image counter [LSBpwo.n  MSBpon | LSBpan  MSBpan  |... | LSBpasan  MSBpyassn
The next UDP packet is followed by row number n+1.

Header Data

row counter+1 | image counter | LSBpxo.ner  MSBpxo. et | LSBexiner  MSBpxinet | ... | LSBpxaga ner  MSBeyass, e

The last UDP packet with real image data has the row number Oxef (239). The next two packets with row
number OxfO (240) and Oxf1 (241) are metadata rows, both contain the same data.

The last UDP packet of a complete image has the row number Oxfl (241). Then the row number rolls
over to 0x00 and the image number is incremented by one.
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Metadata details

The Easy Comm — Ethernet examples are built in a way that the receiving buffer size is the multiplication
of WIDTH and HEIGHT of the image with metadata (Table 1: Summary of data details).

Xi 80: 80x84 with 16-bit numbers or 80x84x2 bytes = 13.440 bytes

Xi 410: 384x242 with 16-bit number or 384x242x2 bytes = 185.856 bytes

If an UDP packet arrives at the programmed port (DEFAULT_PORT) and has the specific packet length
(UDP_PACKAGE_LENGTH), then the first byte is a pointer to the Y-coordinate of the buffer, where to store
the receiving bytes. For

Xi 80: 480 bytes or 240 16-bit numbers, or

Xi 410: 768 bytes or 384 16-bit numbers

when the first 2 header bytes of that UDP packet have been removed.

When a UDP packet arrives with the row counter is equal META_DATA_INDEX these data are copied to
another byte array (metaData).

Two indices are important here:
FLAG_INDEX_IN_METADATA and IS_TEMPERATURE_MODE_IN_METADATA.

The FLAG_INDEX_IN_METADATA-index is the 11th byte in the metadata contains information of the flag.
The cameras need to rebuild from time to time the internal reference. This is done by bringing a flag with
a known temperature into the optical path. During this time, the sensor does not “see” the target and the
image is not displayed. To inform the user about that situation two states are defined.

Flag states:

0x00: open
0x01: close

The IS_TEMPERATURE_MODE_IN_METADATA-index is the 33™ byte in the metadata which contains the
information if the camera is set to “Direct temperature mode”. The 3' bit checks the state.

Direct temperature mode states:

0: Direct temperature mode OFF
1: Direct temperature mode ON

When the last row of the UDP packet has arrived (LAST_EMPTY_ROW_INDEX), then a full image has
arrived and can be processed or displayed. With the row and image numbers it is easy to check whether
all rows of an image have been received or some rows (UDP packets) are missing. The UDP protocol
does not guarantee delivery of each frame in exchange for simplicity and speed.
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