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1. OVERVIEW ECG BOARD (EMI12)

The OEM module for Electrocardiography (EMI12) from Corscience is a miniaturized 
module and has an open communication protocol for the simple integration of a 12-
channel ECG in diagnostic systems. The ECG-Board EMI12 is designed for 
continuous ECG measurement with integrated pacer detection and precision offline 
electrode contact measurement. The EMI12 has on board the full patient isolation, so 
that the patient is galvanically isolated from the input voltage of 5 volts. Furthermore, 
the EMI12 is defibrillation protected.  

1.1  Intended Use 

The scope of this document is the description and specification of the EMI12. It 
should help anybody who is familiar with programming and basic electronics both to 
select the proper hardware and software version for his application as well as to help 
him integrate the board into his own electronic system, such as electrocardiographs 
or patient monitors. For the simple integration in embedded systems, the EMI12 has 
a standard UART interface, RS232 interface and a standard USB interface. 

1.1.1 Basic functions 

With EMI12 it is possible to upgrade a medical system with the following basic 
functions:  

�  Continuous ECG measurement 

�  Calculation of the heart rate (monitor software) 

�  Pacer-detection  

�  Precision offline electrode contact measurement
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2. SAFETY INFORMATION 

EMI12 was tested and qualified according to the standards listed in Chapter 0. 
(insofar as these are applicable for an OEM module). When being integrated in a 
host system, all corresponding standards are to be taken into consideration by the 
user. Any influences on or from the host system are not taken into consideration 
here. 

 

These technical integration instructions are a constituent part of EMI12. Any handling of 
EMI12 assumes precise knowledge of and compliance with all the sections in these 
instructions. 

 
EMI12 is only intended for the described purpose. 

 
EMI12, as well as all accessories, may only be used by persons with sufficient expertise. 

 

EMI12 is delivered in high-quality packaging. Do not use EMI12 or the ECG cable used with 
it if one of the parts shows damage from transportation or other damage. 

 
EMI12 is only to be integrated in a host system and operated by qualified personnel. 

 
Before EMI12 is installed, it is not protected from ESD and has to be handled accordingly. 

 

As part of a system, the host must be electrically insulated from the patient according to EN 
60601-1 and other regulations regarding electrical safety. EMI12 is in no way insulated, and 
all parts should be considered to be galvanically connected. 

 

EMI12 may not be submerged in liquids, have liquids poured on it or be cleaned with liquid 
detergents. EMI12 should also be protected from condensation and humidity. 

 

EMI12 is not suitable for operation near MRI or NMR devices and may not be operated in 
such an environment. 

 

If the ECG-cable is exceeded or the measurement conditions are disregarded, this can lead 
to faulty measurements, and can lead to damage to EMI12 in an extreme case. 

 
False fingernails made of acrylic may affect measuring accuracy and should be removed. 

 
EMI12 is intended as a support for diagnosis and monitoring.  

 

The operation of EMI12 outside of the humidity limits specified in Chapter 3.3 can lead to 
faulty measurements. 

 

Apart from proper handling with regard to ESD, touching the surface of the PCB, including 
components, is to be avoided, since even the smallest contamination can cause leakage 
current which impairs the signal quality. 

 

No self-adhesive or other potentially conductive materials, no matter how small the potential, 
may be affixed to EMI12. 

 

If there should be any reason to doubt the exactness of the measurement, then the vital 
functions of the patient should first be investigated with other means. Afterwards, the 
functionality of EMI12 should be checked. 
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3. DIMENSIONS/CONNECTIONS/MOUNTING 

3.1 Mechanical Dimensions  

Keeping mobile applications in mind, EMI12 was optimized with respect to spatial 
requirements and current consumption.  
The dimensions are 90 mm x 68 mm x 11 mm.  

 

Figure 1: Dimensions of ECG Board EMI12 

3.2 Power Supply 

The power supply (CON 362) corresponds to the EN 60601-compatible low-voltage 
supply (medical safety extra-low voltage MSELV). Please observe that if the voltage 
is too high, it can lead to defects. We recommend a linear regulator beeing used to 
stabilize the power supply, since a chopper-type regulator can have a negative effect 
on the signal quality. 

�  USB Port:  The supply voltage is applied via the USB port, there is no 
additional power supply required for USB usage. 

�  Serial Port (X2):  The supply voltage (pin 1+2) must be 5 V ± 0,25 V (see 
chapter 3.4).  
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3.3 Technical Data 

Dimensions WxLxH in mm 68 x 90 x 11 (with DB15 16 mm) 

Temperature range 

- operation 

- storage 

 

T = 0…50°C, <95% RH non condensing 

T = -20…70°C, <95% RH non condensing 

Air pressure range 700…1060 hPa   

Power supply 4,75-5,25 V dc 

Current consumption  

- operation (USB) 

- stand-by 

- shut down 

 

< 90 mA 

< 57 mA 

< 10 mA 

Electrodes Standard ECG electrodes 

Ports USB / RS232/ UART 

Input dynamic range +/- 5 mV 

Frequency response bandwidth 0,05-150Hz  

Resolution 2,58 µV/Bit 

Leads 12 

Common-mode rejection (CMMR) >94 dB 

Resolution 2,6 µV/bit ECG, 19 bit 

Bandwith 0 Hz – 150 Hz 

Input impedance >10 MOhm 

IDC offset correction ±300 mV 

Sampling rate in Hz 100, 200, 500, 1000 

Baud rate 38400, 115200, 230400, 921600 

Electode contact measurement Offline ECM 

Defibrillator protection in combination with 
suitable ECG-cable  

4000 Volts 

3.4 Pin Assignment  

In figure 2 the ECG-Board EMI12 is shown. 

There are 6 connectors: 

�  X1: Patient connector 

�  X2: UART 

�  X3: Jumper for baud rate 

�  X4: Interface Jumper (UART,USB or RS232) 

�  USB-connector 

�  Power supply 
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Figure 2: EMI12 Board  

 

Connector X1 (RS232 for ECG cable):  

Pin Pin Discription Pin Pin Discription 

1 V2 9 RA 

2 V3 10 LA 

3 V4 11 LL 

4 V5 12 V1 

5 V6 13 NC 

6 Shield 14 RL 

7 NC 15 NC 
 8 NC   
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Connector X2:  

Pin Pin Discription Pin Pin Discription 

1+2 VCC_5V 9 5V USB 

3 UART_TX_OUT 10 D- 

4 RS232_TX_OUT 11 D+ 

5 UART_RX_IN 12 GND 

6 RS232_RX_IN 13 Shutdown 

7 GND   

 

Connector X3: Front of the board:  

Baud rate J1 J2 

38400 open closed 

115200 closed closed 

230400 open open 

 921600 closed open 

 

Connector X3: Backside of the board 

Default setting (Baud rate 230400) 

 

Please note that the default setting for the baud rate is 230400. In this 
case J1 and J2 are open. To change the baud according to the table 
above, please insert either a solder bridge using a zero-ohm-resistor 
or a Jumper.  

 

Connector X4: Front of the board:  

Interface Jumper USB Jumper UART Jumper RS232 

X4a: RS232 Open Open closed 

X4b: UART Open Closed open 

 

 

 

 

 

 

X4c: USB Closed Open open 
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Connector X4: Backside of the board:  

Default setting (USB interface) 

 

Please note that the default setting for the Interface is USB. In this 
case a zero-ohm-resistor (see red circle) is mounted as default. To 
change the Interface according to the table above, please insert 
either a solder bridge using a zero-ohm-resistor or a Jumper. 

3.5 Standard 

In the design and validation of EMI12, the standards in the table below were 
observed, if applicable, whereby the remaining risk of any errors was reduced to a 
minimum. 

Standard / Regulations Content 

EG Guideline 93/42/EWG: 1993 Medical products (basic requirements) 

MPG: 2002 Medical product law 

DIN EN 60601-1 Medical electrical devices – Part 1: 

General requirements for basic safety and essential 
performance 

DIN EN 60601-1-2 Medical electrical devices – Part 1-2: 

General requirements for safety – Collateral standard: 
Electromagnetic compatibility – Requirements and tests   

DIN EN ISO 14971: 2007 Risk analysis 

DIN EN ISO 60601-1-2-25 Medical electrical devices – Part 2-25: 

Particular requirements for the safety of electrocardiographs 

DIN EN ISO 60601-1-4: 2001-04 Programmable electrical medical systems  

DIN EN ISO 61000-4-2: 2001-12 Immunity to static electricity 

DIN EN ISO 61000-4-3: 2003-11 Immunity to HF EM fields 

DIN EN 1041: 1998-04 Availability of information 
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4. WARRANTY 

Corscience GmbH & Co. KG accepts no liability for the function of EMI12 if the owner 
or operator subjects EMI12 to handling which does not correspond to use in 
accordance with purpose as per these user instructions. 

Please note that any claim relating to warranty or liability will be invalidated if neither 
the accessories recommended in the user instructions nor original spare parts are 
used. 

We do not give any warranty in the event of: 

�  Technical instructions and ESD being ignored 

�  Incorrect technical integration/installation faults 

�  Force majeure, e. g. lightning strike 

�  Transport damage due to incorrect packing when returning 

�  Action by chemical liquids 

The warranty period for EMI12 is 1 year. If there is a different warranty period agreed 
in a separate contract, then these obtain priority. 

If we reject a reported claim under warranty, the sender will be responsible for 
transport costs. 

 
EMI12 is at risk from ESD and should be handled acc ordingly. 

In this regard, we refer to the contractually assured properties and to the general 
terms and conditions of business of Corscience GmbH & Co. KG, the current version 
of which can be viewed at http://www.corscience.de at any time. 

Warning: We do not accept liability for newly-creat ed medical devices. 
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5. COMMUNICATION PROTOCOL 

5.1 Brief Document Description 

The protocol is designed for simple and memory-saving implementation in a micro 
controller. The overhead was kept as low as possible. The principle of this protocol is 
basically modeled on PPP (point-to-point protocol), which is often used to establish 
modem connections. Escape sequences are used to filter out reserved bytes (start 
flag, end flag, escape flag) from the data stream (so-called octet stuffing). The octet 
stuffing in the transmitter occurs after the checksum calculation. For the checksum 
formation in the transmitter, the start flag and end flag are not included, of course. In 
the receiver, inverse octet stuffing is applied first, before the data stream is saved or 
further processed. In the receiver, the checksum algorithm is run over the entire 
packet (not including the start flag and end flag). The result must then be 0. 

The ECG device has two jumpers (J1 and J2) to configure the UART baud rate (see 
chapter 3.4). A hot plug isn’t supported. The table in chapter 3.4 shows the possible 
baud rates and the configuration of the jumpers: 

The baud rate is configured default with 230400baud (8n1). 

5.2 Packet Structure and Description of Individual Fiel ds 

The packet is structured according to the table below. 

Start flag Packet number Command Payload Checksum End flag 

0xFC 1 byte 2 byte x bytes 2 bytes 0xFD 

The individual fields of the above overview are described in more detail below. 

5.2.1 Start Flag 

The start flag, which has a length of one byte and the fixed value 0xFC is the 
unmistakable start character of a packet. This character may not appear again in the 
rest of the packet to avoid confusion. To prevent this from happening, octet stuffing is 
used. 

5.2.2 Packet Number 

The packet number field has a length of one byte and can therefore sweep through 
numbers from 0 to 255. The packets are consecutively numbered, separately from 
both sides. Once 255 have been reached, the next packet starts again with 0. The 
numbers are given separately from both sides and must not be the same. The 
packets are numbered so that missing packets can be detected, received packets 
can be confirmed, undesired packets can be rejected and defective packets can be 
resent. 
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5.2.3 Command 

The command field is two bytes long and contains the command. (LSB first) 

5.2.4 Payload 

The actual data have to be transmitted. This field can contain other fields, depending 
on the command. The fields have a defined function within the command. 

5.2.5 Checksum 

The checksum has a length of two bytes. The parameters of the checksum are: 
CRC16 (CCITT), polynomial 0x1021, start- value 0xFFFF, LSB first. The checksum is 
calculated in the transmitter  over the entire packet with the exception of the start 
flag, end flag and checksum . The checksum must be calculated in the transmitter 
before octet stuffing. 

In the receiver , the checksum is calculated over the entire packet with the exception 
of the start flag  and end flag . For a valid packet, the result must be 0. The 
checksum test must be carried out after octet stuffing. 

5.2.6 Endflag 

The end flag has a length of one byte and has the fixed value of 0xFD, which is the 
unmistakable end character of a packet. To avoid confusion, this character may not 
appear again in the rest of the packet. To prevent this from happening, so-called 
octet stuffing is applied. 

5.3 Octet stuffing 

There are three special characters which may not appear by accident in the packet: 

�  Start flag   0xFC 

�  End flag  0xFD 

�  Escape flag  0xFE 

These three characters must be filtered out of the data stream before sending the 
packet and be treated specially. If one of these characters appears in the data 
stream, an escape flag is sent first, and then the original byte is linked with 0x20 
EXOR. 

 

Characters within the packet: Are changed to the following when sent: 

0xFC 0xFE   0xDC 

0xFD 0xFE   0xDD 

0xFE 0xFE   0xDE 
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When an escape sequence is received by the receiver, this byte isn’t saved, but the 
following byte is linked with 0x20 EXOR and saved. 

The receiver decodes the escape sequence again: 

Received characters: Decoded: 

0xFE   0xDC 0xFC 

0xFE   0xDD 0xFD 

5.4 General commands with Description 

Command Number Direction Description 

Protocol 0x0100 �  The protocol version and length of 
receive buffer 

firmware version 0x0150 �  The version of the firmware of the device 

ACK 0x0200 �  acknowledge the last received packet 

NACK 0x0300 �  Not acknowledge the last received 
packet 

Reject 0x0400 �  Rejected packet given 

Identification 0x0500 �  Identification data given 

Maintenance 0x0600 �  Maintenance data given 

Transmit data 0x07XX �  Command sent by ECG device 

Request 0x0800 �  Command requested from ECG device 

Receive data 0x09XX �  Command received by ECG device 

The commands are described in more detail below, and the bytes in the payload are 
defined. 

5.4.1 Command: Protocol (0x0100) 

Command Protocol version Max. payload length 
(bytes) 

Max no. of ecg packets, which can 
be buffered in the ecg device 

0x0100 1 byte 2 bytes 1 byte 

0x0100 0x05 220 20 

Currently, the protocol version 0x05 is implemented. A command which is sent to the 
module must not exceed the maximum length of 220 bytes. The protocol version is 
demanded with the command Request. For more information see “Command: 
Request” below. 

5.4.2 Command: Firmware Version (0x0150) 

Command Firmware Version Revision 

0x0150 9Bytes 1Byte 2Bytes (optional) 

0x0150 “CS10021-1” Revision “A”, “B”, “C”… “E01”, “E02”… 
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This command delivers the version of the firmware of the ecg device with readable 
ASCII bytes. The firmware version is demanded with the command Request. For 
more information see “Command: Request” below. 

5.4.3 Command: ACK (0x0200) 

Command Packet number 

0x0200 1 byte 

0x0200 the packet number of the last received Packet 

If an Electrode Contact Measurement (ECM) is started an ACK will be sent by the 
ECG device to acknowledge the start command. If an ECM is stopped an ACK will be 
sent by the ECG device to acknowledge the stop command. 

If an ECG Measurement is started an ACK will be sent by the ECG device to 
acknowledge the start command. If an ECG Measurement is stopped an ACK will be 
sent by the ECG device to acknowledge the stop command. 

5.4.4 Command: NACK (0x0300) 

Command Packet number 

0x0300 1 byte 

0x0300 the packet number of the last received packet 

The reason for a NACK is a received packet with a wrong checksum value. 

5.4.5 Command: Reject (0x0400) 

Command Packet number 

0x0400 1 byte 

0x0400 the packet number of the last received Packet 

The reasons for a reject are:  

�  The received command has a wrong number of arguments. 

�  The received command is an unknown command. 

5.4.6 Command: Identification (0x0500) 

Command Manufacturer ID Device ID (device type) Serial number 

0x0500 1 byte 1 byte 5 bytes 

0x0500 0x01 = Corscience 0x11 = ECG for suction unit ASCII readable order 

  0x1E = OEM Board reserved 

The identification data are demanded with the command Request. For more 
information, see “Command: Request” below. 



EMI12 

17 

5.4.7 Command: Maintenance (0x0600) 

Command Maintenance-Data Operating Cycles 

0x0600 2 bytes 2 bytes 

0x0600 Selftest Status (lsb first) counter of turn on times (lsb first) 

After turning on the ECG device, it starts the integrated self test (max. 20sec). After 
this the command Maintenance will be sent. 

Also the maintenance data can be requested with the request command. Then the 
self test isn’t done again. For more information, see “Command: Request” below.  

The bits in the self test status bytes are shown below. The zero marked bits are 
reserved. 

8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1 

0 0 EKM 0 0 0 0 0 RAM int_FLASH PLD/ADC 0 0 PACER_ADC 0 0 

MSB = 0x20 LSB = 0xE4 

If the corresponding bits in the self test status bytes are one, the self test was 
successful for the corresponding unit. If the self test fails there is no communication 
to the ECG device possible. All commands will be confirmed with this command. The 
commands REQUEST and ENTER_FIRMWARE_UPDATE_MODE_REQ are 
exceptions. 

Every time the self test is finished, the operating cycles will be increased by one. 

5.4.8 Command: Request (0x0800) 

Command  Command request (LSB First) 

0x0800 2 bytes 

The Request command serves to inquire the protocol version, identification data and 
maintenance data. 

Example: Protocol version inquiry 

Start flag Packet  
number 

Command Payload – 
Protocol 
command 

Checksum End flag 

0xFC 0x01 0x00 0x08 0x00 0x01 0xDD 0x02 0x01 

Example: Firmware version 

Start flag Packet 
number 

Command Payload – 
Firmware 
Version 

Checksum End flag 

0xFC 0x01 0x00 0x08 0x50 0x01 0x62 0x0C  0xFD 
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Example: Identity inquiry 

Start flag Packet 
number 

Command Payload – 
Identification 
Command 

Checksum End flag 

0xFC 0x01 0x00 0x08 0x00 0x05 0x59 0x42  0xFD 

 

Example: Maintenance data inquiry 

Start flag Packet 
number 

Command Payload – 
Maintenance 
Command 

Checksum End flag 

0xFC 0x01 0x00 0x08 0x00 0x06 0x3A 0x72  0xFD 

The responses to queries can be found under the Protocol, Firmware Version, 
Identification and Maintenance commands. 

5.4.9 Command Transmit Data (0x07xx) 

Command  Data  

0x07XX x bytes 

The commands from the ECG device are contained in the payload of a Transmit Data 
packet (0x07xx). 

The 0x07xx commands sent by the ECG shouldn’t be acknowledged by the host. 

5.4.10 Command: Receive Data (0x09xx) 

Command  Data  

0x09xx x bytes 

The commands to the Corscience device are contained in the payload of a Receive 
Data packet (0x09xx). 

Every time a 0x09XX- command is received the host should wait for the 
corresponding confirmation (0x07xx- command). It is recommended to set a time- out 
of 5ms. 

Also it is not recommended to send a second command too fast after the first one, 
without waiting for the corresponding confirmation. This will cause unpredictable 
behavior of the Corscience device. 

The commands START_STOP_ECG_TRANSMISSION and 
START_STOP_OFFLINE_ECM are exceptions. These commands will be confirmed 
with the ACK command. The ECG data which are sent following this command are 
not to be acknowledged by the host. 
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5.5 Protocol Packets and Command Description for 
EMI12 

Overview of the protocol packets: 

Protocol packets Command Description 

CONFIG_ANALOG_REQ 0x0901 Configures the ADC 

CONFIG_ANALOG_CFM 0x0701 Confirms the ADC configuration 

START_STOP_ECG_TRANSM
ISSION 

0x0905 Starts and stops ECG transmission 

ECG_DATA_TRANSMISSION 0x0724 Transmits ECG data 

SET_ECM_THRESHOLD_REQ 0x0918 Configures the threshold for the electrode 
measurement 

SET_ECM_THRESHOLD_CFM 0x0718 Confirms the threshold for the electrode 
measurement 

START_STOP_OFFLINE_ECM 0x0926 Starts and stops electrode contact 
measurements (ECM) 

OFFLINE_ECM_CFM 0x0726 Transmits the result of the ECM 

ENTER_MAX350_AND_LED_F
ULL_TEST_REQ 

0x0953 Starts a complex test of the ECM and LEDs 

ENTER_MAX350_AND_LED_F
ULL_TEST_CFM 

0x0753 Indicates the end of the test 

ENTER_FIRMWARE_UPDATE
_MODE_REQ 

0x0952 Enters the firmware update mode 

ENTER_FIRMWARE_UPDATE
_MODE_CFM 

0x0752 Returns errors during entering the firmware 
update mode 

5.5.1 Config_ANALOG_REQ(0x0901) 

Command Channel Sampling rate 

0x0901 1 Byte 1 Byte 

0x0901 

0x01 – Transmit channel II and 
III (for 3- and 6-lead ECGs) 
0x02 – Transmits II, III, V1, V2, 
V3, V4, V5, V6 (for 12-lead 
ECG) 

0x01 – 100 Hz 

0x02 – 200Hz0x05 – 500 Hz 

0x0A – 1 KHz 

Command to configure the sampling rate and the active ECG channels. 

The configuration depends on the UART baud rate. If the baud rate is lower than 
230400 baud, it is allowed to configure a sampling rate of 100Hz and 200Hz only. 
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5.5.2 CONFIG_ANALOG_CFM (0x0701) 

Command Channel Sampling rate 

0x0701 1 Byte 1 Byte  

0x0701 0x01 – Transmit channel II and 
III (for 3- and 6-lead ECGs) 

0x02 – Transmits II, III, V1, V2, 
V3, V4, V5, V6 (for 12-lead 
EKG) 

0x01 – 100Hz 

0x02 – 200Hz 

0x05 – 500 Hz 

0x0A – 1 KHz 

This command confirms the ADC configuration. 

For a sampling rate of 500Hz - 1 KHz the baud rate must be configured to 230400 
baud at least. At lower baud rates the configuration of the sampling rate will be set to 
200Hz. 

5.5.3 START_STOP_ECG_TRANSMISSION (0x0905) 

Command Start or Stop 

0x0905 1 Byte 

 
0x00 – Stop 

0x01 - Start 

It is possible to start the ECG transmission after a configuration of the ECG device 
only. To configure the ECG device use the command, described in paragraph 5.5.1. 
Without any configuration before, this command will be rejected. 

After starting the ECG transmission, the ECG will only accept the STOP ECG 
Transmission command. Other commands will be ignored. No Reject command will 
be sent. 

This command will be acknowledged. After starting the ECG measurement ECG- 
data packets are sent. 

After stopping the ECG transmission further Stop Transmission commands will be 
rejected. 

5.5.4 ECG_DATA_TRANSMISSION (0x0724) 

Start Flag 0xFC 

Packet-No. Bit0-7 1 Byte 

Command 0x0724 

Packet- No. Byte8-14 1Byte 

Packet- No. Byte15-21 1Byte 

Pulse 1Byte 

Monitor Byte1 1Byte 

Monitor Byte2 1Byte 
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Pay load xBytes 

ErrorByte 1Byte 

Counter of Data Sets 3Bytes 

Check sum 2Bytes 

End Flag 0xFD 

An ECG data packet contains a 22bit packet number which is split into 3 Bytes. The 
first packet number Byte contains Bit0-7, the second byte contains Bit 8-14 and the 
last byte contains Bit15-21 of the Packet Number. To avoid octet stuffing, in both of 
the higher two Bytes the highest bit is set to zero. 

The byte “Pulse” to transmit the heart rate is reserved. 

For transmitting the battery status, the heart rate thresholds, and the electrode 
contact information ‘Monitor Byte 1’ and ‘Monitor Byte 2’ are used. 

The payload field includes compressed ECG data. One dataset contains the data of 
all measured ECG leads. 

The Error Byte indicates that the information in this packet may be corrupt. 

In the next 3 Bytes the measured datasets are counted. 

5.5.4.1 Structure ‘Monitor Byte 1’ and ‘Monitor Byt e 2’ 
Monitor Byte1 Monitor Byte2 

P BAT1 BAT1 HRU HRL L R F packet 
type 

N V6 V5 V4 V3 V2 V1 

 

Pacer detected P 

0  No Pacer impulse detected 

1 A Pacer impulse was detected 

 

Battery (These bits are always one - full) Heart rate (These pins are not used) 

BAT1 BAT2  HRU HRL  

0 0 critical empty  0 0 no heart rate limit exceeded 

0 1 empty  0 1 lower heart rate limit exceeded 

1 0 okay 1 0 upper heart rate limit exceeded 

1 1 full 1 1 not possible 

 

Electrode contact L,R,F,N, V1-V6 packet type 

0 Electrode has no contact 0 12-lead ECG packet 

1 Electrode has contact 1 3-lead ECG packet 
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5.5.4.2 Payload structure 
Depending on the configuration, the ECG payload consists of frames with channel II, 
III, V1…V6 (12 lead ECG) or II and III for 3-/6-channel ECG.  

Frame structure for 12 lead ECG 

II III V1 V2 V3 V4 V5 V6 

Payload: II, III, V1…V6, II, III, V1…V6, II, III, V1…V6 ,… , II, III, V1…V6 

Frame structure for 3-/6-lead ECG 

II III 

Payload: II, III, II, III, II, III, II, III, II, III, II, III, II, III,… ,II, III 

Each data value is 15 bits (signed) long. If only 7 bits within a data value are used, 
the ECG device transmits only one Byte for a value. The missing Bits need to be 
filled up by the ECG monitor. To differ between 1 Byte and 2 Byte values a mask Bit 
(LSB) within the first Byte is used. 

The resolution of the ECG data is 2,63 µV/bit. 

Example 2 Byte value: 

Byte1 Byte2 

sig
ne 

B13 B12 B11 B10 B9 B8 1 B7 B6 B5 B4 B3 B2 B1 B0 

 

Example 1 Byte value: 

Byte1 

signe B5 B4 B3 B2 B1 B0 0 

 

5.5.4.3 Structure of the Error Byte 
Error Byte 

B7 B6 B5 B4 B3 B2 B1 B0 

Bit0 Pacer ADC – error at SPI communication (null bit) 

Bit1 Pacer ADC – error at SPI communication (mirrored value not correct) 

Bit2 PLD - error at SPI communication (parity error) 

Bit3 PLD – timing error (lost ECG values) 

Bit4-Bit7  reserved 

 

5.5.4.4 Structure of the Counter of the Datasets 
Byte1 Byte2 Byte3 

0 B6-B0 0 B13-B7 0 B20-B14 
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This counter is 21 Bits long. You can use it to detect lost ECG datasets. This counter 
will be reset to zero by starting a new ecg measurement. To avoid octet stuffing the 
highest bit is always zero.  

Attention: the Counter value is sent LSB first. 

5.5.5 SET_ECM_THRESHOLD_REQ (0x0918) 

Command Threshold for ECM 

0x0918 3Bytes (lsb first!) 

The ecg device makes an offline electrode contact measurement. To decide, if an 
electrode has contact it is necessary to set a threshold. This command defines the 
threshold for the measurement of the electrode contact. The default value to set is 
2000000 (decimal). 

5.5.6 SET_ECM_THRESHOLD_CFM (0x0718) 

Command Threshold for ECM 

0x0718 3Bytes (lsb first) 

This command confirms the SET_ECM_THRESHOLD_REQ command. 

5.5.7 START_STOP_OFFLINE_ECM (0x0926) 

Command Start or Stop 

0x0926 1 Byte 

 0x00 – Stop 

0x01 - Start 

To start the measurement of the off-line electrode contact, send this command. The 
answers are OFFLINE_ECM_CFM packets. You can stop the measurement, if you 
send this command with the “Stop” parameter. 

It is recommended to start the electrode contact measurement (ECM) after setting 
the threshold. To set the threshold use the command 
SET_ECM_THRESHOLD_REQ, described in section 5.5.5. Without setting the 
threshold it is set to zero and the measurement is false. 

After starting the ECM, the ECG will only accept the STOP ECM command. Other 
commands will be ignored. No Reject command will be sent. 

This command will be acknowledged. After starting the ECM measurement ECM- 
Data packets are send. 

After stopping the ECM a Stop ECM command will be rejected. 
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5.5.8 OFFLINE_ECM_CFM (0x0726) 

Start  

Flag 

Packet-
Nbr. 

Comman
d 

ECM 
Status 
Byte1 

ECM 
Status 
Byte2 

Payload Checksu
m 

End 
Flag 

0xFC 1 Byte 0x0726 1Byte 1Byte 30 Bytes 2 Bytes 0xFD 

This command is used for transmitting the electrode contact measurement (ECM) 
information. 

5.5.8.1 Structure ‘ECM Status Byte 1’ and ‘ECM Stat us Byte 2’ 
ECM Status Byte1 ECM Status Byte2 

0 0 0 0 0 L R F packet 
type 

N V6 V5 V4 V3 V2 V1 

Electrode contact L, R, F, N, V1-V6 packet type 

0 Electrode has contact 0 12-lead ECM packet 

1 Electrode has no 
contact 

1 3-lead ECM packet 

 

Electrode contact L, R, F, N, V1-V6 packet type 

0 Electrode has contact 0 12-lead ECM packet 

1 Electrode has no contact 1 3-lead ECM packet 

Depending on the configuration of the ECG device the packet type is set to one or 
zero. 

5.5.8.2 Payload structure 
Frame structure for 12-lead ECM packet 

N F L R V6 V5 V4 V3 V2 V1 

3 Byte  3 Byte 3 Byte 3 Byte 3 Byte 3 Byte 3 Byte 3 Byte 3 Byte 3 Byte 

If the packet type was 3-lead ECM packet the values of V1-V6 should be ignored. 
Each data value is 3 Bytes (unsigned 24Bit) long. They will be sent LSB first. 

5.5.9 ENTER_MAX350_AND_LED_FULL_TEST_REQ (0x0953) 

Command Payload 

0x0953 0 Byte 

With this command a complex test of the ECM Channels will be started. 

The test is executed in the following sequence: LL, LH, N, RH, V6 … V1. Per ECG 
channel you can see two signals on the electrode. First you can measure a triangle 
signal on the corresponding electrode. After that you can measure VGND on the 
electrode. After that the next electrode will be proofed.  
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During this test no other command should be sent. This may cause an unpredictable 
behaviour. 

Signal at the electrode 

200mV triangle 18Hz 

VGND (ca. 2V) 

the next electrode can be tested 

N.A 

5.5.10 ENTER_MAX350_AND_LED_FULL_TEST_CFM (0x0753) 

Command Payload 

0x0753 0 Byte 

The test will be taking around 10 seconds. After finishing the test this command will 
be sent by the ECG device. 

5.5.11 ENTER_FIRMWARE_UPDATE_MODE_REQ (0x0952) 

Command PIN 

0x0952 4 Byte 

 
Only for service personal available on request to 
Corscience GmbH & Co KG! 

With this command the sector zero of the processor will be erased. After a restart of 
the device it will enter the Boot Loader Mode. In this mode a firmware update is 
possible. 

The PIN for this command is available on request, only for service personnel. If the 
clearing of the sector zero was successful, no confirmation can be sent by the ecg 
device. 

5.5.12 ENTER_FIRMWAR_UPDATE_MODE_CFM (0x0752) 

Command  Error on prepare the flash sector Error on erase the flash sector 

0x0752 1 Byte 1Byte 

 CMD_SUCCESS 

INVALID_COMMAND 

SRC_ADDR_ERROR 

DST_ADDR_ERROR 

SRC_ADDR_NOT_MAPPED 

DST_ADDR_NOT_MAPPED 

COUNT_ERROR 

INVALID_SECTOR 

SECTOR_NOT_BLANK 

SECTOR_NOT_PREPARED
_FOR_WRITE_OPERATION 

(0) 

(1) 

(2) 

(3 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

CMD_SUCCESS 

INVALID_COMMAND 

SRC_ADDR_ERROR 

DST_ADDR_ERROR 

SRC_ADDR_NOT_MAPPED 

DST_ADDR_NOT_MAPPED 

COUNT_ERROR 

INVALID_SECTOR 

SECTOR_NOT_BLANK 

SECTOR_NOT_PREPARED_FOR_
WRITE_OPERATION 

(0) 

(1) 

(2) 

(3 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
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COMPARE_ERROR 

BUSY 

 

(10) 

(11) 

COMPARE_ERROR 

BUSY 

 

(10) 

(11) 

5.6 Connection Establishment 

This command confirms ENTER_FIRMWARE_UPDATE_MODE_REG, if an error 
has occurred. 

Nbr. ECG device Direction Monitor 

1  �  Request Identification 

2 Send Identification �   

3  �  Request Protocol 
version 

4 Send Protocol version �   

5  �  Set threshold for the 
electrode contact 
measurement 

6 Confirm configuration  �   

7  �  Start Offline ECM 

8 Send ACK �   

9 Send ECM Values �   

10  �  Stop Offline ECM 

11 Send ACK �   

12  �  Config analog (sample 
rate etc.) 

13 Confirm configuration �   

14  �  Start ECG 
Transmission 

16 till x ECG data �   

x + 1  �  Stop ECG 
Transmission 

x + 2 Send ACK �   
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6. DEVELOPMENT-KIT  

The order number for the Development Kit is: CS10127 

 

Figure 3: Development-KIT 

The EMI12 development Kit  allows one to become immediately familiar with our 
ECG Board module. The ECG Board EMI12 can be simply connected to the PC via a 
USB interface cable, and the EM12 can be put into operation and tested immediately. 

6.1 Scope of Delivery 

The Development Kit includes: 

Article  Order number 

PC ECG Board EMI12 CS10129 

Development-Kit CDROM  CS20108 

ECG cable CS20236 

USB cable CS10350 

Technical Integration (print format) CS60168 

Case CS10168 
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6.2 Unpacking the Board  

Remove the ECG-Board (EMI12) carefully from the packaging. Regard the protection 
provision for ESD. 

Verify that all components described on the page before are complete and 
undamaged. 

 

Attention: Packaging material can pose a suffocatio n hazard. Store it out of 
reach of children or dispose of properly. 

Attention: Do not expose the CD to direct sunlight.  The CD may not be warped 
or overly mechanically stressed in any other way. 

6.3 Development-Kit CDROM 

The CD includes the following folders: 

�  Docklight 

�  FTDI Drivers and Installation Guide 

�  Monitor Software 

�  Serial Decoder – SW Development Kit 

�  Technical Integration Instructions 

6.3.1 Docklight 

The folder Docklight includes the predefined transmission file “protocol OEM -PC-
ECG”  is for testing, analysing and for simulation of the communication of the ECG 
Board. In order to use this transmission protocol please use the Docklight Tool, which 
can be downloaded from: http://www.docklight.de/. For more information about 
communication see chapter 5.  

With Docklight you can send out user-defined sequences according to the “protocol 
OEM -PC-ECG”  and it can react to incoming sequences. This makes it possible to 
simulate the behavior of a serial communication ECG device. 

Docklight is easy to use and works on almost any standard PC running Windows 
Vista, Windows XP, Windows 2000, Windows NT or Windows 98. 

This folder also includes two links for calculating the CRC. 

6.3.2 FTDI Drivers and Installation Guide 

The FTDI driver provided on the CD is for the USB Com Port of the ECG device 
EMI12. For most of the operating systems (e.g. Windows Vista, XP, 2000) two types 
of driver are available:  Virtual COM Port (VCP) drivers and direct (D2XX) drivers.  
The VCP driver emulates a standard PC serial port such that the USB device may be 
communicated with as a standard RS232 device.  The D2XX driver allows direct 
access to a USB device via a DLL interface.  
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For more information regarding the installation of the driver please see chapter 6.4. 

6.3.3 Monitor Software 

The software VM100 WIN is a vital parameter monitor for displaying the measuring 
data of ECG device EMI12. The monitor software has the following functions for ECG 
data recording and management: 

�  display of measured data (ECG, heart rate) 

�  storage of measured data 

�  printout of measured data 

�  patient management 

For more information about installation and the user software please see chapter 6.8. 

6.3.4 Serial Decoder – SW Development Kit: 

The folder Serial Decoder includes some software modules, which are written in C, in 
order to help you to create your own application. For demonstrating this main function 
the “ECG Serial Decoder_V3.exe” is designed. This program allows you also to 
export the ECG-Data. 

For more information about installation and to use this program, please see chapter 
6.9. 

6.3.5 Technical Integration Instructions: 

This folder includes the document “Technical Integration Instruction” in PDF format. 

6.4 Software Installation 

In combination with EMI12, the VM100 WIN is an electrocardiographical device, 
which serves the following purposes: 

�  ECG measurement 

�  Heart rate measurement 

�  Recorded ECG can be stored by patient, commented and printed. 

To install the software please turn on the PC and insert the Development Kit 
CDROM. Run file VM100ser_windows_1_3_1.exe and follow the installing 
instruction. 

6.5 EMI12 Interface Configuration 

For the simple integration in embedded systems the EMI12 has a UART interface, a 
RS232 interface and a standard USB interface. Configure your interface by 
positioning the jumpers according to table. For more information see chapter 3.4.  
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Please note that EM12 is configured for USB use as default. In order to change 
the standard interface please see chapter 3.4. 

 

USB 

�  Use a USB cable to connect USB port of the PC to the mini USB port of the 
ECG Board. 

�  When connecting the USB plug, verify that all pins are connected at the 
same time to make sure that the FTDI chip starts correctly. 

�  The supply voltage is applied via the USB port, there is no additional power 
supply required for USB usage. 

�  When connecting the device, the system shall detect a new USB Hardware 
(figure 4) and a new virtual serial COM port shall be generated 
automatically.(figure 5) 

 

Figure 4: Detecting New Serial Port 

 
 

Figure 5: USB Virtual Com Port 

Interface Jumper USB Jumper UART Jumper RS232 

USB closed cpen cpen 

UART open closed open 

RS232 open open closed 
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If the virtual USB Com Port is not detected, verify that the correct FTDI chip driver for 
VCP is installed. The driver is on the Development CD with the Installation Guide or it 
can be downloaded here: http://www.ftdichip.com/Drivers/VCP.htm  

 

Serial Port 

�  Use a USB to Serial cable to connect the USB port of the PC to the Serial 
port of the ECG Board 

�  The supply voltage (pin 1+2) must be 5 V ±0,25 V (see chapter 3.4) 

�  The RX line of the OEM-Board must be connected to TX of the PC-cable 

�  The TX line of the OEM-Board must be connected to RX of the PC-cable. 

�  When the cables are connected correctly, a new COM-Port is detected by the 
system. You can check up the number of this COM port in the device 
manager of your operating system. 

6.6 Baud Rate Configuration 

Configure the baud rate by positioning the jumpers according to table below (chapter 
5.1) and select the same baud rate, when configuring the VM100ser Software see 
chapter 6.8.2.   

Jumper position for baud rate 

Baud rate J1 J2  

38400 Open closed 

115200 Closed closed 

230400 Open open 

921600 Closed open 

6.7 Sampling Rate configuration 

To configure the sampling rate see the chapter 5.5.1. The default value is 500 Hz. 
This sampling rate is not allowed to be configured when the baud rate is configured 
lower than 230400 Bit/s. A baud rate of 115200 is necessary, when using UART. 

 

Figure 6: Configure Sampling Rate  
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6.8 Monitor software VM100ser 

The software VM100 WIN is a vital parameter monitor for displaying the measuring 
data of ECG device EMI12. 

6.8.1 Start the VM100ser software 

Please click on the icon (c:\program files\VM100ser or c:\programme\VM100ser) to 
start the software. 

 

 

 

Figure 7: Menu Settings 

Before starting with ECG recordings please check and if necessary change the 
following settings. 

 

Figure 8: Monitor software VM100ser 

In this menu it is possible to configurate the basic settings for the monitor appearance 
as well as the configuration of the ECG device. 

 

A 
Change Settings: For configuration your port, baud rate and ECG-display options, please 
select the Button “Settings”. 
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Figure 9: Settings  

 

B Select port:  In order to configure your port, choose “Select port” and set it to your USB-COM Port 
number and confirm with OK.  

 

 

 

 

 

 

 

C Baud rate:  Set the baud rate to the same value you configured with the jumpers (chapter 3.4). 
Select 230400 in the baud rate pull down menu for RS232 and USB usage. Select 115200 for 
UART  

ECG settings:  Select your ECG-options like color, leads, filter and ECM Basis. 

Color Color of the ECG curves 8 colors 

Leads Number of leads you have 3, 6, 12 

Filter Digital filter to reject noise None; 0,05-25 Hz; 0,05-35 Hz; 
50 Hz; 60 Hz 

D 

ECM-Basis Value for Electrode contact Default : 
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Display option:  Choose your display options located on the left side “View”.  

mm/s chart speed (time resolution) 2; 5; 10; 20; 25; 40; 50 

mm/mV Sensitivity (Amp. resolution) 1; 2; 5; 10; 20 

Background Background color 8 colors 

Grid Grid color 8 colors 

Text Text color 8 colors 

Grid spacing Zoom the  grid  

E 

Default settings Set display options to standard mm/s: 10; mm/mV: 5; 
Background: white; Grid: grey; 
text: black; color: black 

F Data directory : To configure the data directory click on “Select”. Choose the path, where your ECG 
data files should be saved.  

G Save settings:  Save all settings by pressing the button “Save”. See figure 6. 

6.8.2 ECG recordings 

After configuring the PC monitor, as well as the EM12, if required, ECG recording can 
be started. 

 

Figure 10: ECG Data  

 

G 
Start ECG:  The ECG recording is started by clicking once on the “Start/Stop” button. To finish 
ECG recording click on the button again. To save the recording please press the save button. 

H 

 

Archive:  To open a saved recording please click the “Archive” button. In the archive window all 
saved records are displayed. By clicking once on one of these records, the patient data, such as 
the name, weight and findings are displayed. This data can now be processed.  



EMI12 

35 

I 
Scroll bar:  You can jump back to a previous point in the recording at any time by clicking on the 
scroll symbol in the progress bar at the top edge of the grid window. 

J Live display:  By clicking on “Live”, you can return to the currently transmitted data. 

K 
Search:  The “Search” button allows you to look for a certain section of the ECG. Click on the 
button and select the desired section in the little window. By double-clicking, the display jumps 
immediately to this section.  

L 
Torso:  The electrode contacts are represented by green and red dots on the torso. If an 
electrode has lost contact to the patient, the dot is red. If it’s still in contact, then the dot is 
green. If all dots are green, the ECG recording can begin (figure 9). 

M 
Leads: You can select or hide an individual lead curve by moving the mouse pointer over the 
lead symbol.   

 Measurement function: For measuring an ECG, the PC monitor offers the option of looking at 
ECG events in the exact position they have with respect to each other. Click on the respective 
point on the curve and, keeping the mouse button pressed, pull the opened gray field to the 
comparison point. The PC monitor automatically calculates the time interval. 

 

 

 

 

 

 

�

6.9 Serial Decoder – Software Development-KIT 

6.9.1 Introduction 

The OEM-ECG- Software Development Kit is designed for a simple quick start with 
the 12 channel OEM ECG Board. The software modules are written in C and should 
help to create your own applications. The „ECG SERIAL DECODER_V3.exe“ is 
designed for demonstrating the main functions of the ECG device. There are also 
some log file examples, attached for demonstrating the functions of the serial 
decoder, without an ECG device. (All files are recorded by using version 2 of the 
transmission protocol.) 

6.9.2 Overview of the packets 

Binaries 

�  ECG Serial Decoder_V3.exe 

 

C- files with applicable functions 

�  modules for software development\Notch50Hz.c 

�  modules for software development\BPfilter.c 

�  modules for software development\Datadecoding.c 
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�  modules for software development\leadcalc.c 

�  modules for software development\CRC-CCITT.c 

 

Header-files and additional C-files 

�  modules for software development\BPfilter.h 

�  modules for software development\Notch50Hz.h 

�  modules for software development\setting.h 

�  modules for software development\Filterdesign.h 

�  modules for software development\compiler.h 

�  modules for software development\eadcalc.h 

�  modules for software development\mdfir1.c 

�  modules for software development\mwindow.c 

�  modules for software development\CRC-CCITT.h 

 

Some example log files for the ECG Serial Decoder_V 3.exe 

�  example log files\6lead_500Hz_V2_Sinus_90.txt 

�  example log files\12lead_500Hz_V2_Sinus_90.txt 

�  example log files\12lead_500Hz_V2_Artefact.txt 

�  example log files\12lead_500Hz_V2_Arrhythm.txt 

6.9.3 Description 

Binaries 

ECG SERIAL DECODER.exe 

The program decodes incoming data packages transmitted by the ECG Board. The 
decoder program can decode a log file created by an RS232 terminal program or it 
can establish a connection with the ECG device directly via Bluetooth. If you start the 
decoder, you have to choose first, if you want to decode a log file or if you want to 
decode a live transmission from the ECG device. 

 

Decoding existing log file: 

If you want to decode a log file, you have to type “y” for yes. Second type in the 
complete filename. The file must be in the same directory as the binary. The filename 
you have entered will be the prefix for the generated output files. Then you have to 
enter the mode (number of leads and sample rate) of the ECG, in which it was 
configured while recording, and the version of the used protocol. At the moment 
protocol versions 1, 2 and 3 are supported by the decoder. You can find out the 
protocol version of your ECG device, if you send the „request protocol“ command (for 
more information read the documentation of the communication protocol in chapter 
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5.). The log files must be in ASCII format and should support the following syntax: 1 
Byte Hex-values separated by spaces. (E.g. look in the folder: “example log files”). 

 

Decoding live record: 

If you choose the live record option please type “n” for no, but recognized the ECG 
device must be connected to your PC. Second you have to type in the name of the 
session, which will be the prefix for the generated output files. Third you have to 
choose which mode to want to use (e.g. Type 5 for 12 Channel with 500 Hz). In the 
next step you will be asked if you like to fetch missed data from the flash afterwards. 
Please answer here with “n” for no. After this you have to type in the number of the 
virtual COM port on which the USB connection to the ECG device is established. You 
can find out the number of the COM port in the properties of your Windows device 
manager.  

Attention: Make sure that no other program uses the  COM port.  
This is a common source for errors. 

Attention: Only use names with maximum 25 character s for the output file. A 
name with more than 25 characters will lead to an e rror message.   

The program supports the following configurations for OEM-PC ECG- Board: 

* 12- leads with 1000 Hz sample rate 

 

The program decodes the data stream and generates three *.csv output files 
(unfiltered data, filtered data with notch 50 Hz filter and filtered data with 0,12 -25 Hz 
band pass filter), which can be opened in your calculation software (e.g. Open Office, 
MS EXCEL). With the wizard for line diagrams you can visualize selected leads. 

6.9.4 Functions 

�  Datadecoding.c 

Function "u16 Decode (char* as8_Received_ByteArray, unsigned short int 
w_Length_ByteArray)" can be used for decoding 12 bit values of the ECG device 
output stream into 8 bit or 16 bit values. 

Input:  Char pointer to an array of received 12 bit values of the ECG device; length of 
the array 

Output:  The decoded data will be saved in the array: signed short int 
as16_Decoded_Data[]. 

The function returns the number of decoded values 

 

�  BPfilter.c 

Function s16 oBPfilter(s16 oData, u8 lead) is a bandpassfilter for the decoded 
datastream of the ECG device. The limits of the spectrum are 0,12 Hz and 25 Hz. 

Input:  One 16 bit value of the decoded data stream and the number of the lead, 
where the value is from. 
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Output:  The 16 bit value, processed by the filter 

 

�  Notch50Hz.c 

Function s16 Notch50Hz (s16 oData, u8 lead) is a 50 Hz average filter for the 
decoded datastream of the ECG device. 

Input:  One 16 bit value of the decoded data stream and the number of the lead, 
where the value is from. 

Output:  The 16 bit value, processed by the filter 

 

�  leadcalc.c 

The 4 functions in leadcalc.c can be used to calculate the leads, which are not 
transmitted by the ECG device. These are lead I, lead aVL, lead aVR and lead aVF. 

 

�  Function s16 oCalcLI(s16 oLeadII,s16 oLeadIII) 

Input:  One 16bit value of lead II and one 16bit value of lead III (Values must depend 
on the same time) 

Output:  16bit value of lead I (depends on the same term as the input leads) 

 

�  Function s16 oCalcLVL(s16 oLeadII,s16 oLeadIII) 

Input:  One 16bit value of lead II and one 16bit value of lead III (Values must depend 
on the same time) 

Output:  16bit Value of lead aVL (depends on the same term as the input leads) 

 

�  Function s16 oCalcLVF(s16 oLeadII,s16 oLeadIII) 

Input:  One 16bit value of lead II and one 16bit value of lead III (Values must depend 
on the same time) 

Output:  16bit value of lead aVF (depend on the same term as the input leads) 

 

�  Function s16 oCalcLVR(s16 oLeadII,s16 oLeadIII) 

Input:  One value of lead II and one value of lead III (Values must depend on the 
same time) 

Output:  16bit Value of lead aVR (depends on the same term as the input leads)  

 

�  CRC-CCITT.c 

Function unsigned short calc_CRCITT(unsigned char *byBegin, unsigned char 
*byEnd) can be usedto calculate the 16 bit checksum. 

The parameters of the checksum are: CRC16 (CCITT), polynomial 0x1021, start 
value 0xFFFF, LSB first. 
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The checksum is calculated in the transmitter over the entire packet with the 
exception of the start flag, end flag and the two checksum bytes. The checksum must 
be calculated in the transmitter before octet stuffing. In the receiver, the checksum is 
calculated over the entire packet with the exception of the start flag, the end flag and 
the two CRC bytes after the octet de-stuffing. For a valid packet, the result equals to 
the two CRC bytes in the array. 

Start Flag Payload to check Checksum CR16 CCITT End Flag 

FC XXX CRC (LSB) CRC (MSB) FD 

Input:  Pointer of the beginning of an array of chars; Pointer of the end of an array of 
chars (the array of chars, which is defined by the pointers, includes the values, where 
the checksum is calculated) 

Output:  The calculated 16 bit checksum 

 

(For more information about using the functions, re ad the documentations in 
the files.) 

6.9.5 Procedure for processing a data packet 

The octet stuffing in the transmitter occurs after the checksum calculation. For the 
checksum information in the transmitter, the start flag and end flag are not included, 
of course. In the receiver, inverse octet stuffing is applied first, before the data stream 
is saved or further processed. In the receiver, the checksum algorithm is run over the 
entire packet (not including the start flag, end flag and the two CRC bytes). The result 
must be equal to the two transmitted CRC bytes. For information about octet stuffing, 
read chapter 5 (Communication Protocol). 
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