AMS-DIG-PROC

Signal processing add-on
for the AMS detection module
series

FEATURES

Onboard acquisition and processing
Fully configurable processing pipeline
16bit sampling, 32bit processing

7 Msamples/s

Programmable oversampling
Multiple processing algorithms
Trigger output and input

UART communication interface
Optional adapter to the 1.27 mm
standard header

Optional USB adapter

(AMS-DIG-USB - p. 178)

Compatible with the AMS3140-01,
AMS6140-01 (p. 86) and their accessories
Rapid prototyping and
proof-of-concept development
Designed for easy integration

with the AMS detection module series
and the AMS accessories

Python and C libraries including
source code

GENERAL DESCRIPTION

The AMS-DIG-PROC is a digital accessory for the AMS detection module series. It is designed to be an
easy tool for rapid prototyping and proof-of-concept work. It provides standard electrical interfaces
and well-documented software protocol to fit all infrared measurement applications. The AMS-DIG-
PROC offers not only analog signal acquisition. It can be used to process data directly on board. Built-
in algorithms allow rapid implementation of typical measurement scenarios, including pulsed laser
or chopper-based methods. The output socket of the AMS-DIG-PROC offers serial communication
as well as trigger input and output. The functions of the pins are shown in TABLE 1. For optimal noise
performance, external amplifiers from AMS accessories are strongly recommended.
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APPLICATIONS

® Portable devices

® Temperature and gas sensors
® Embedded systems

® Rapid prototyping
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CONNECTIVITY AND ELECTRICAL DIAGRAM

There are two sockets placed on the board accidental connection of non-compatible
(see FIGURE T and FIGURE 4). P1 is the inter- analog accessories from the AMS family. Al
face to the AMS module. P2 is the output unused pins of P2 should be leff floating. The
socket with pinout described in TABLE 1. P2 recommended mating part for P2 is Amphe-
is rotated 90 degrees relative to P1 to avoid nol TOTROT14FB110.
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FIGURE 1. Schematic diagram of the AMS-DIG-PRO. All unused pins of P2 should be left floatfing.
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TABLE 1. P2 socket pin functions

Pin

number Eymbel
1,3,5 11 GND
2,4,6,8,10
7 UART_TX
9 UART_RX
12 TRIG_IN/OUT
13 Ve
14 NRST
MP1, MP2 PGND
MP3, MP4

cooler

The digital part of the ADC+CPU block is
supplied from the V__ . which is also passed
to the AMS module using a T1 fransistor al-
lowing programmalble enabling/disabling of
the cooler circuit built into the AMS module.
The V__ _isused to supply analog circuits and
is also passed to the AMS module to supply
its amplifiers.

ABSOLUTE MAXIMUM RATINGS

Do not stress the device above the limits
specified in this chapter since it may cause
permanent damage to the device.

TABLE 2. Absolute maximum ratings

Parameter Rating
Amplifier supply, V, o Veoger 35V
TRIG_IN voltage OVto5.0V
NRST voltage 0V to (Ve +0.2)V
UART_RX/TX voltage 0Vto3.5V

Ambient operating temperature, -40°C to 65°C, non-condensing

amb

Storage temperature, T, -50°C to 85°C
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Function

Signal ground
Reserved. Leave floating
UART output of the AMS-DIG-PROC
UART input of the AMS-DIG_PROC
Trigger input or output
Analog supply input
Reset input. Active low

Power ground. Connect to signal ground.

Power supply for the cooler of the AMS module and digital logic of AMS-DIG-PROC

SPECIFICATION
(+3.3 Vsupply, T, =20°C,
unless otherwise noted)

TABLE 3. AMS-DIG-PROC specification

Value
Test conditions/

Parameter
remarks

Min. Typ. Max.

ANALOG

Without additional

boards 5
\/arnp current,
|
ane Without additional 120
boards
DIGITAL
Sampling 5
rate, f_
ADC
Resolution 16
Processing
resolution 32

Trigger out low

level, V. 04

Trigger out

high level, V 29

Trigger in low

level, A 1.22

Trigger in high

level, V,, 231

Default UART
bitrate

Unit

mA

mA

MHz

bits

bits

Mbit/s
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PROCESSING PIPELINE

Built-in processing pipeline provides onboard
configurable 32-bit algorithms. The process-
ing logic is presented in FIGURE 2, while its
architecture is presented in FIGURE 3.

2048 16bit samples ready ‘j “«—
No

Transmit
16bit samples

Slot 0 enabled? —

Yesl

Run algorithm

for processing slot 0

No
Slot 1 enabled?

Yes J

Run algorithm

for processing slot 1

No
Slot 2 enabled? >

Yes

Run algorithm

for processing slot 2

No
Slot 3 enabled?

Yes l
v

Run algorithm

v

Transmit 32bit samples

for processing slot 3

FIGURE 2. Processing pipeline logic
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|

PROCESSING SLOT 0
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|

|

PROCESSING SLOT 3
Y samples
32bit

|

TRANSMISSION
16 or 32 bits

per sample

FIGURE 3. Processing pipeline architecture

After acquisition with built-in ADC, data are
passed to the first processing slot. Buffer size
between acquisition and processing is fixed
and contains 2048 16-bit samples. There are
4 processing slots available. Each of them
is fully configurable. For all available pro-
cessing algorithms please refer to chapter
COMMUNICATION. Processing can be also
disabled to provide the fastest possible data
rate. However, in this setup data loss will oc-
cur due to the limited bandwidth of com-
munication interfaces. Therefore it is highly
recommended to use as many processing
capabilities as possible to avoid high data
rates tfransmissions. First disabled (not config-
ured) processing slot will pass data directly
to the fransmission block. Therefore it is re-
quired to configure slots starting from slot 0
and use always adjacent slots without any
gap between them. Output buffer size from
the processing slot depends on its configu-
ration. Some processing algorithms produce
up to 2048 samples, while others generate
just T sample. For more information please
refer to chapter COMMUNICATION.



COMMUNICATION
INTRODUCTION

The communication interface for the AMS-
DIG-PROC board is 3.3V UART, 8 bits, no par-
ity, 1 stop bit. Default speed is 1 Mbit/s.

Please keep in mind that there are Py-
thon and C API available and their use is
strongly recommended. They come with
a lot of examples for typical use cases of
AMS-DIG-PROC.

PACKETS AND FRAMING

In critical applications, consistency of trans-
mitted data is crucial to guarantee the nec-
essary safety level.

Therefore AMS-DIG-PROC uses Consistent
Overhead Byte Stuffing packet framing and
CRC32/POSIX checksum on the data-link
layer for any communication interface. The
format of the packet and message is pre-
sented in TABLE 4.

TABLE 5. Output message: status

Length
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TABLE 4. Packet and message format

COBS packet Content Length

in bytes

(Start i?PPacket) (0x00 to OXFF, see COBS) 1

CRC 4

Head
Message, COBS eader

encoded MessagelD 1
Payload (Variable)

EOP 000 1

(End of Packet)

Generally there are no acknowledgments.
The module does not sent any direct re-
sponse to most messages, except MESSAGE_
CONFIG_READ, MESSAGE_MODE_READ and
MESSAGE_PROCESSING_READ.

STATUS

Status contains all important information
about the current state of the AMS-DIG-PROC.
[t will be sent periodically once per second
regarding any configuration option.

Description or constant name

MESSAGE_STATUS

Can be cleared with a MESSAGE_CLEAR_RESET_FLAG message.

Will be set to 1 after changing any configuration parameter.
Will be set to 0 after configuration save or after reboot.

Type: uint32_t.
Will be incremented after overflow.

Type: uint32_t.
Will be incremented after receiving each correct message.

Type: uint32_t.
Units: mK.

Field in bytes Values
CRC 4
MessagelD 1 120
1 - Reset occurred.
ResetFlag [ 0 - Reset not occurred.
ConfigurationUnsaved 1 1- Conflgurqtlon changed since last saving.
0 - Configuration unchanged since last saving.
0 -Sampling stopped.
SamplingState 1 1 - Sampling in progress.
2 - Waiting for the trigger.
ProcessingState 1 0- Processmg |dI.e or disabled.
1 - Processing in progress.
DataOverflowCounter 4 0 after reboot.
MessagesReceivedCounter 4 0 after reboot.
DetectorTemperature 4
TemperatureOK 1 0 - Temperature not reached or not stable.

1 - Temperature is stable and close to expected.
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CLEARING RESET FLAG

Clearing the reset flag in the STATUS message
allows the detection of unexpected reboot
of the AMS-DIG-PROC.

TABLE 6. Input message: clear reset flag

Field .Length Values Description or constant name
in bytes
CRC 4
MessagelD 1 125 MESSAGE_CLEAR_RESET_FLAG

This message forces AMS-DIG-PROC to re-
boot. The ResetFlag in the STATUS message
will be set to 1. Configuration will be read
from nonvolatile memory and work mode
STOP will be enabled.

TABLE 7. Input message: reboot

. Length Ach
Field in bytes Values Description or constant name
CRC 4
MessagelD 1 124 MESSAGE_REBOOT
CONFIGURATION

Configuration is a special subset of messag-
es for which fransmitted parameters can be
saved to nonvolatile memory. Default values
for each parameter are bolded.

Communication interfaces

TABLE 8. Input/output message: communication channel and parameters

Field .Length Values Description or constant name
in bytes
CRC 4
MESSAGE_CONFIGURE_COMMU-
MessagelD 1 50 NICATION
9600
57600 Type: uint32_t.
VartBaud & 115200 Unit: bps.
1000000

Sampling and processing resolution

TABLE 9. Input/output message: sampling parameters

Field _Length Values Description or constant name
in bytes
CRC 4
MessagelD 1 51 MESSAGE_CONFIGURE_SAMPLING
Type: uint32_t.
PhysicalSam- 700000 to Unit: samples per second.
pleRate 7000000 Leave default 7000000 in most
scenarios.
PhysicalRe- . Fixed to 16bits.
solution L 2-16bit Leave default.
Processin- Fixed to 32bits.
} 1 4 - 32 bit Leave default.
gResolution

Temperature of the detector

TABLE 10. Input/output message: femperature of the detector

Field _Length Values Description or constant name
in bytes
CRC 4
MESSAGE_CONFIGURE_DETEC-
MessagelD L 52 TOR_TEMPERATURE
200-400 Type: uint16_t.
Temperature 2 oro Ui %
P Default: Set to zero to disable
273 the temperature controller.
User space

User space is a space which can be freely
modified by the host. It can be used for any
kind of dataq, i.e. calibration parameters, UID
storage, eftc.

TABLE 11. Input/output message: setting user space content

Field _Length Values Description or constant name
in bytes
CRC 4
MESSAGE_CONFIGURE_USER_
MessagelD 1 53 SPACE
Data 256

Saving configuration

The AMS-DIG-PROC will perform a reboot



affer saving the configuration. To be sure
that a valid configuration has been stored
in nonvolatile memory it is recommended to
read configuration after reboot.

TABLE 12. Input message: saving configuration into nonvolatile memory

Field _Length Values Description or constant name
in bytes
CRC 4
MessagelD 1 55 MESSAGE_CONFIG_SAVE

Reading configuration

Once the configuration has been set and/or
saved, it is recommended to read ifs content
to verify if all parameters were set to desired
values. The response for this message will
have the same format as presented before.

TABLE 13. Input message: reading configuration

Field .Length Values Description
in bytes or constant name
CRC 4
MESSAGE_CON-
MessagelD 1 56 FIG_READ
MESSAGE_CONFIGU-
RE_COMMUNICATION
MESSAGE_CONFIGU-
RE_SAMPLING Defines which
ConfigID 1 configuration will be
MESSAGE_CONFIGU- ]

RE_DETECTOR_TEM-
PERATURE

MESSAGE_CONFIGU-
RE_USER_SPACE

Work modes

The AMS-DIG-PROC can work in different
modes of operation, called work modes.
Their purpose is to implement typical use
cases for infrared measurements, like work-
ing with choppers or pulsed laser sources.
Unlike configuration, work mode has to be
configured after each reset of the AMS-DIG-
PROC board. By default the AMS-DIG-PROC
board enter STOP mode after each boot.
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Work mode: Stop

In this work mode data acquisition and pro-
cessing are stopped. This is default mode for
AMS-DIG-PROC board after booting.

TABLE 14. Entering STOP work mode

Field .Length Values Description
in bytes or constant name
CRC 4
MessagelD 1 3 MESSAGE_MODE_

STOP

Work mode: Free running

This is simplest work mode with continuous
data acquisition. No synchronization with
external signals is available in this mode.

TABLE 15. Input/output message: FREERUNNING work mode

. Length Description
Field in bytes Values or constant name
CRC 4
MessagelD 1 5 MESSAGE_MODE_FREE_RUNNING
Number of samples. Has to be
multiple of 2048. When set to
non-zero value, sampling process
will stop and module will enter
STOP mode.
0%00: Keep in mind that this is not ne-
Infinit.y cessary the length of data repor-
g ted in MESSAGE_OUTPUT_DATA
Number of Other:
samples 4 number  Message. If Number of samples
of does not fit into the output buffer
(8192 bytes) then data will be
samples

splited into multiple messages
with output data. The processing
pipeline can also reduce the num-
ber of samples what also impacts
the length of MESSAGE_OUTPUT_
DATA message.

Work mode: Trigger input

This mode is very similar to typical operation of
an oscilloscope. The AMS-DIG-PROC waits for
rising edge on TRIG_IN/OUT signal. Optional
delay after trigger event can be configured.
After the delay AMS-DIG-PROC starts sampling
data. Sampling process is stopped affer ac-
quiring the requested number of samples and
the module waits for the next trigger event.
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TABLE 16. Input/output message: TRIGGER INPUT work mode

Field .Length Values Description
in bytes or constant name
CRC 4
MessagelD 1 6 MESSAGE_MODE_TRIGGER_INPUT
Type: uint32_t.
Number of _ Total number of samples to be
4 >=2048 ) A b
samples acquired for a single trigger event.
Has to be a multiple of 2048.
Type: uint32_t.
Unit: microseconds.
Delay 4 Oto 1e7 Set to zero to disable the delay
between trigger event and start of
ADC sampling.
1 -rising Only rising edge is currently
Edge 1 .
edge implemented.

Work mode: Trigger output

This mode allows external sources of radio-
fion (like pulsed lasers) to be triggered from
the module. In comparison to trigger input,
this work mode provides lowest possible jit-
ter and therefore is recommended with fast
pulsed sources. Optional delay can be set
to introduce time offset between generated
frigger event and start of sampling.

TABLE 17. Input/output message: TRIGGER OUTPUT work mode

Length Values Description

Field in bytes or constant name

MessagelD 1 7 MESSAGE_MOIS[F]:FTRIGGER_OUT-

Type: uint32_t.

Number of Total number of samples to be
samples acquired for a single trigger event.

Has to be a multiple of 2048.

Type: uint32_t.
Unit: microseconds.
Time between start of ADC sam-
pling and trigger event.
Set to zero to start ADC together
with generated trigger event.

Delay 4 Oto 1e7

Type: uint32_t.
Unit: microseconds.
Period 4 O0to 1e7 Actual period can be higher
than set due to configuration of
processing.

1 -rising Only rising edge is currently

Edge L edge implemented.

Work mode: Simulation

This mode is useful for testing purposes. In-
stead of sampled data simulated values will

e sent to processing pipeline periodically.
Addition of random can be activated to
verify if processing was properly configured.

TABLE 18. Input/output message: SIMULATION work mode

. Length Description
Field in bytes Values or constant name
CRC 4
MessagelD 1 8 MESSAGE_MODE_SIMULATION
Type: uint32_t.
SamplesCo- Total number of samples that will

unt & 2048 be sent to processing pipeline.

Currently fixed to 2048 samples.
SampleSize 1 2:16 bit SampleSize is fixed to 16bit.

Type: float32.
Gaussian white noise with this
NoiseRMS 4 0 - 65535 RMS value will be added to
samples. Set to zero to disable
addition of noise.

Type: uint32_t.
Unit: ms.
Period 4 >0 Time interval between sending
simulated samples to processing
pipeline.

Type: uint16_t[N].
Samples will be used instead of
Samples N ADC samples.
Single buffer. N*2 should match
SamplesCount value.

Reading current work mode settings

Once work mode has been set it is recom-
mended to read ifs seftings to verify if all
parameters were set correctly. The response
for this message will be one of described
above messages: MESSAGE_MODE_STOP,
MESSAGE_MODE_FREE_RUNNING, MES-
SAGE_MODE_TRIGGER_INPUT, MESSAGE_
MODE_TRIGGER_OUTPUT, MESSAGE_MODE_
SIMULATION.

TABLE 19. Input message: reading work mode settings

. Length Description
Field in bytes Values or constant name
CRC 4
MessagelD 1 100 MESSAGE_MODE_READ
PROCESSING ALGORITHMS

Processing algorithms can be configured



and assigned to each processing slot indi-
vidually. Several algorithms are available,
however not every combination of them
makes sense. Therefore example configu-
rations will be presented at the end of this
chapter. Processing can be reconfigured
only in STOP work mode.

No processing

This is the default “algorithm” assigned to
each processing slot after power-up. Alldata
are passed through processing slot without
any modification. Output buffer length and
sample size are equal to the input buffer
length and sample size.

TABLE 20. Input/output message: No processing for a processing slot

Length

Field Values Description or constant name

in bytes
CRC 4
MessagelD 1 9 MESSAGE_PROCESSING_NONE
SlotID 1 0to3

Simple average

All samples from the input buffer are aver-
aged and passed as single value to the out-
put buffer. Output buffer length is equal to 1.
Output sample size: 32bits.

TABLE 21. Input/output message: simple average for a processing slot

Field .Length Values Description or constant name
in bytes
CRC 4
MESSAGE_PROCESSING_SIM-
MessagelD 1 10 PLE_AVERAGE
SlotID 1 Oto3

Sample-wise iir filter

Average is averaged using infinite impulse
response filter according to the following
formula:
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X=X o Weight + X * (1 - weight)

previous

Output buffer length: 1.
Output sample size: 32bits.

TABLE 22. Input/output message: sample-wise IIR filter for a processing slot

Field il;le:ftt:s Values Description or constant name
CRC 4
MessagelD 1 1 MESSAGE_PPRLCéSllir\?SING_SAM-
SlotID 1 Oto3
Weight 4 0.0t0 1.0 Type: float32.

Buffer-wise iir filter

Every n-th sample of the input buffer is av-
eraged with n-th sample from the previous
result. This algorithm is especially useful in
friggered work modes. This kind of process-
ing reduces noise while keeping the original
shape of the detected pulse. Output buffer
length: length of the input buffer. Output
sample size: 32bits.

TABLE 23. Input/output message: buffer-wise IIR filter for a processing slot

Length

Field q Values Description or constant name
in bytes
CRC 4
MESSAGE_PROCESSING_BUF-
MessagelD 1 12 FER IR
SlotID 1 Oto3
Weight 4 0.0t0 1.0 Type: float32.
Oversampling

Averages N consecutive samples in the in-
put buffer. Reduces output data rate in a
configurable way. Output buffer length:
value of OutputSamples parameter. CAU-
TION: Ratio * OutputSamples has to be a
multiple of input buffer length. Output buffer
length: variable. Output sample size: 32bits.
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TABLE 24. Input/output message: oversampling for a processing slot

Field .Length Values Description or constant name
in bytes
CRC 4
MESSAGE_PROCESSING_OVER-
MessagelD 1 13 SAMPLING
SlotID 1 Oto3
2to Type: uint32_t.
Ratio (N) 4 8388608 Ratio * OutputSamples has to be
multiple of input buffer length.
Type: uint32_t.
OUtF;LIJefam' 4 1t02048 Ratio * OutputSamples has to be

multiple of input buffer length.

Peak-peak measurement

Extracts peak-peak value from the input buf-
fer. Output buffer length: 1. Output sample
size: input buffer sample size.

TABLE 25. Input/output message: peak-peak measurement for a process-
ing slof

. Length Al
Field in bytes Values Description or constant name
CRC 4
MESSAGE_PROCESSING_PEAK_
MessagelD 1 14 PEAK
SlotID 1 Oto3

Buffer-wise decimation

Drops whole buffers. Passes only N-th buffer
from input to output. Output buffer length:
length of the input buffer or zero for dropped
buffers. Output sample size: Input buffer
sample size. This type of processing may be
useful e.g. in case of buffer-wise filter. Usual-
ly not every buffer need to be transmitted
since the confent of each buffer changes
slowly. Usually not all buffers may be sent due
to limits of communication channels. Buf-
fer-wise decimation allows proper handling
of Counter field in output data message.

TABLE 26. Input/output message: buffer-wise decimation of data

Field .Length Values Description or constant name
in bytes
CRC 4
MESSAGE_PROCESSING_BUF-
MessagelD ! = FER_DECIMATION
SlotiD 1 Oto3
Type: uint32_t.

Ratio (N) 4 a=2 For example: 4 means that every

4th buffer will be sent to the
output.

Reading processing configuration

Once processing configuration has been
sef, it is recommended to read current con-
figuration to verify if all parameters have
correct values. The response will have the
same format as request of specific process-
ing configuration presented before.

TABLE 27. Input message: reading configuration for a slof

Field i:e;ftt:s Values Description or constant name
CRC 4
MessagelD 1 105 MESSAGE_PROCESSING_READ
SlotID 1 0to3
OUTPUT DATA

Once properly configured (e.g. work mode
is set to freerunning) the AMS-DIG-PROC will
send periodically output data. Length of
datais variable and depends on the current
configuration of the processing pipeline. On
the receiver side length can be extracted
utilizing features of COBS encoding.

TABLE 28. Output message: output data sent by AMS-DIG-PROC

Length Description or constant

Field h Values
in bytes name
CRC 4
MessagelD 1 90 MESSAGE_OUTPUT_DATA



Length Values Description or constant

Field in bytes name

Will be incremented for each
output data message. Can be
used to check for data loss
due to communication errors
or processing overflow.

In case of buffer decimation
in processing pipeline it will
be incremented by ratio of
decimation.

Counter 1

1 -8bit Sample size depends on
SampleSize 1 2 - 16bit processing pipeline config-
4 - 32bit uration.

Type: uint8_t, uint16_t or
uint32_t, depending on
SampleSize.
Each data sample has
offset equal to half of the
range. For example for 8bit
0-255 or SampleSize value 128 should
Data i@ 0-65535 or be interpreted as zero
8192 0- 4294967295 5 p
Higher values correspond to
positive values while lower
are negative.
The length of Data will be
between 1 and 2048, de-
pending on the configuration
of processing pipeline.

Conversion from raw samples to voltages for
i-th sample can be done using the following
generic formula:

voltage = (data8(j) *2.0/255-1) * 3.3 // For
8-bit samples

voltage = (datalé(i) * 2.0/ 65535-1)*3.3//
For 16-bit samples

voltage = (data32(i) * 2.0 / 4294967295- 1) *
3.3 // For 16-bit samples

where data8, datalé and datald2 are ele-
ments from Data casted to a proper type
depending on SampleSize.

Examples

1. Contfinuous temperature measurement
couple times a second

a. Workmode: freerunning

b. Processing slot 0: oversampling
(Ratio=4096, OutputSamples=2048)

c. Processing slot 1: oversampling
(Ratio=512, OutputSamples=T1)

2. Pulsed laser source. Duration of single
pulse: Tms. Rise and fall time: 0.1 ms.

a. Workmode: trigger input or output

b. Processing slot 0: oversampling
(Ratio=8, OutputSamples=2048)

c. Processing slot 1: buffer-wise iir filter
(weight=0.95)
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3. Black body with chopper. Frequency:
1 kHz. Peak-peak measurement
a. Workmode: frigger input
b. Processing slot 0: oversampling
(Ratio=8, OutputSamples=2048)
c. Processing slot 1: peak-peak

For more examples please refer to APl doc-
umentation.

MECHANICAL REQUIREMENTS

There are four spacers mounted on the PCB to
keep the proper distance between the AMS
module (or amplifier) and AMS DIG PROC.

Warning! The P1 and P2 sockets are very
sensitive to mechanical stress. The AMS DIG-
PROC has to be fixed to the AMS detection
module with screws and nuts. Caution is re-
qguired when assembling the AMS-DIG-PROC
with the AMS module.
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FIGURE 4. Dimensions of the AMS-DIG-PROC (given in mm)
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