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IR Camera: main characteristics

* For thermal capture, a camera module is a
way to acquire the information

* Low resolution as a single point of
measurement are available, ex: PIR
detectors

* Medium/High resolution and expensive IR
captors exists but available with restriction,
mainly for military reason
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IR Camera: main characteristics

Since 2014, low resolution camera as
80x60 pixels are available for “public
domain application” with some restriction
In characteristics

EX.: 9Hz max refresh cycle
EX.: FLIR Lepton camera s
i2c for configuration ’
SPI for data acquisition
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IR Camera: Global Bloc diagram

* Long-Wave InfraRed (LWIR) camera
module, 8~14um

Simplified Block Diagram

‘ Integrated Camera Module » CCl comm interface
/) || ' - > \/oSPI
VWW"II | o LWIR Thermal image 0
‘ W sensor <P processing engine - » MIPI
"‘W‘"’T < »28V,12V,25V10 3.1V 10
y/ -4— CLKin

1. Feature anticipated in a future product release

Source: FLIR_Lepton_Data_Brief

2016/03
8

PrSOC IR Camera/RB

m
v
1
=



IR Camera module

Camera Module
Camera Supply Inputs, VDD (2.8V)
<« VDDIO (2.5 V103 1V)
<« YDDC (1.2V)
Camera Shut Down [+ PWR DWN L
Camera Reset RESET L
Camera Clock Generation | MASTERCLK

Camera Control Interface (CCl)
Similar to 12C

VDDIO(2.5V t03.1V)

i
< SDA_ L

Optional Video Interface

\ideo Over SPI

| SPIMOSI
SPI MISO

 SPICSL
SPI_CLK

[~

Optional Multiplexed Interface
Select

12C, SPI,GPIO

¢ GPIO[3:0]

Source: FLIR_Lepton_Data_Brief
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FLIR Lepton® Camera Breakout Board v2.0
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Pin# Function Pin# Function

Pin1 GND Pin2 Powerin 3—5.5V
Pin3 VPROG Pind VCC28

Pinb SDA Pin6 VCC28_I0
Pin7 SPI_CLK Pin8 SCL

Pin9 SPI_MQSI Pin 10 SPI_CS

Pin11 GPI0D Pin 12 SPI_MISO
Pin13 GPI02 Pin 14 GPI01

Pin15 GPIO3 /VSYNC Pin 16 VCC12

Pin17 RESET_L Pin 18 MASTER_CLK
Pin19 GND Pin20 PW_DWN_L
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NVCCI0 - 2.8V !

— Gnd
— \/in(Ext)

Pin-0Out
Pin# Function Pin # Function
Pin1 GND | pin2 Powerin3—5.5V
Pin3 VPROG Pin 4 \VCC28
Pinb SDA Pin6 VCC28_10
Pin7 SPI_CLK Pin 8 SCL
Pin9 SPI_MOSI Pin 10 SPI_CS_N
Pin11 GPIOO Pin 12 SPI_MISO
Pin13 GPI02 Pin 14 GPIO1
Pin15 GPI03 / VSYNC Pin 16 VCC12
Pin17 RESET_L Pin 18 MASTER_CLK
Pin19 GND Pin 20 PW_DWN_L
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Lepton FLIR System Architecture

Housing

MIPI

Vo5SPI

12C
( comm)

Focused
IR image

GPIO
(optional)

Discrete controls

Clk

VDD, VDDC VDDIO

Thermistor

Source: FLIR_Lepton_Data_Brief
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Lepton FLIR System Architecture

Image Pipeline

. AGC disabled
raw data in Non-uniformity Defect Spatial / Temporal 5 sable
correction (NUC) Replacement Filtering
AGC enabled
>
AGC / Colorization enabled
AGC Colorize

The video pipeline includes non-uniformity correction (NUC), defect replacement, spatial and temporal

filtering, automatic gain correction (AGC), and colorization.

Source: FLIR_Lepton_Data_Brief
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1/27 sec

1 frame video data

.

(a) Foo ~2.2 MHz

(a) Fsc i ~20 MHz

Source: FLIR _Lepton_Data Brief
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FLIR Lepton Video Frame with problems

Valid Frame Timing (no loss of synchronization)

1/27 seu 1727 sec

e

b 4

Clock Too Slow - Failure to Read an Entire Frame Within the Frame Period

1727 sec

E 3
b 4

Video framen

Intra-frame Delay Too Long - Failure to Read Out an Entire Frame Before the Next is Available

1/27 sec 1727 sec

ik oL e
- ol -

Video framen Video frame n+1

Failure to Read Out an Available Frame

| 1727 sec 1727 seg

ak
. 3

»
h 4

I
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: """"" ! Source: FLIR_Lepton_Data_Brief
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SPI connection Lepton Host

& protocol SCK |grreme] SCK
| SPI /CS et /CS SPI
Slave MISO il MISO  Master
MOSI & '

. MOSI |

SPI Mode 3 (CPOL=1, CPHA=1)
SCK
\ e/_\\_/f_\_/ \_/

MISO

€S

P

>~ < 7~ ) G

SPI Bit Order (transmission of 0x8C08)
SCK £ikD Ciiz
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Video Packet

ID CRC Payload
XNNN CRC Video pixels for one video line
(16 bits) | (16 bits)

Discard Packet

ID CRC Payload
XFxx XXXX Discard data (same number of bytes as video packets)
Source: FLIR_Lepton_Data_Brief
2016/03
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Packet information (1)

 Start of Frame packets:

Configuration
Telemetry As header As footer Disabled
Mode
Packet 0 Telemetry line A FPA Row O FPA Row O
Packet 1 Telemetry line B FPA Row 1 FPA Row 1
Packet 2 Telemetry line C FPA Row 2 FPA Row 2
Packet 3 FPA Row O FPA Row 3 FPA Row 3
Packet 29 FPA Row 26 FPA Row 29 FPA Row 29
Packet 30 FPA Row 27 FPA Row 30 FPA Row 30
Packet 31 FPA Row 28 FPA Row 31 FPA Row 31
Packet 32 FPA Row 29 FPA Row 32 FPA Row 32
2016/03 19
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Packet information (2)

* End of frame packets:

Configuration

Packet 59 FPA Row 56 FPA Row 59 FPA Row 59
Packet 60 FPA Row 57 Telemetry line A n/a
Packet 61 FPA Row 58 Telemetry line B n/a
Packet 63 FPA Row 59 Telemetry line C n/a
2016/03
20 mrpr
= P '

PrSOC IR Camera/RB




Frame Counter for fast transfert

* Due to legislation, frame rate is limited to

!
9Hz | Frame counter=0
* The same packet could Frame counter = 0

be send more than 1 time Frame counter =0

e Packet with xFxXx counter Frame counter=3
have to be discarded !

Frame counter=3
Frame counter=3
Frame counter=6

Frame counter=6

Frame counter=6

2016/03
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Command to Camera

 Commands have to be send by i2c like
Interface

» Data part is always 2 Bytes for 16 bits
transfers

2016/03
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Lepton Interface view

Source: FLIR Software Interface
Description Document (IDD)
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Lepton CCI/ TWI Interface

-+ 16-bits- *
Sub-Address
0000 Power OntOff Register
v

0002 STATUS Register
0004 Command ID Register
= 0006 DATA Length Register
0x0008 DATA 0 Register
TeD0A DATA 1 Register
0T DATA 2 Register
0x000E DATA 3 Register
0010 DATA 4 Register
0012 DATA 5 Register
0014 DATA & Register
00016 DATA T Register
0018 DATA B Register
0x001A DATA 9 Repister
0001 ‘ DATA 10 Register
OxMHE | DATA 11 Register
0020 | DATA 12 Register
0022 DATA 13 Register
0024 DATA 14 Register
00026 DATA 15 Register

le————————— 1024 BYTES ———————— &

v

xFa00

Range 0xFEDD - 0xFBFF

0xFCOD
Range DxFCO0 : OxFFFF

Command STATUS read
here. BUSY Bitis D

Command ID¥'s written here

Length of DATA to read/
write goes here

Command DATA U0 here
Up to 18 registers

Block DATA Buffer 0

Block DATA Buffer 1
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