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Dec 7, 2006 

 
 
Purpose:  

To define the procedure for operating FGRIO series radios in Modbus:   
 

Equipment requirements:   (Firmware 2.54 in FGR and 2.53 in FGRIO) 
 
1) FGR series FreeWave radio installed as a MultiPoint Master or Repeater 

Slave/FGRIO installed as a Modbus slave.   
 
2) Modbus WILL NOT work with DGR series radios. 

 
Setup: 
The following are the system setup requirements.   
NOTE: EZConfig for use with Modbus is currently in pre-release testing.  
HyperTerminal (or other such terminal program) must be used in the interim. 
  

1) The Master must have the following menu items set to work properly:   
a. Menu 0 – set the FGR Master to (2) Multipoint Master. 
b. Menu 1 – Modbus RTU set to 1 
c. Menu 1 – TurnOffDelay set to 4. (this may be adjusted at a later 

point) 
d. Menu 1 – TurnOnDelay set to 0. (this may be adjusted at a later 

point) 
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FGR Master Menu 1 

 
e. Menu 2 – Not Applicable 
f. Menu 3 – Set FreqKey as necessary 
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g. Menu 3 – Set Max and Min Packet sizes to 2 and 2 minimum. 
i. This is recommended as it should handle most Modbus 

packets with the best throughput.  
ii. There is a relationship between packet size and maximum 

reliable counting rate of the DI counters. With 2, 2 packet 
sizes, up to 25 Hz (at 50% duty cycle, 20msec per phase) 
can be counted. 

iii. Larger packet sizes will function, but count rate will reduce; 
sizes of 9, 9 will reliably count to 10 Hz (50msec per phase). 

h. Other settings in menu 3 are to be set at the users’ discretion 
according to the FreeWave User Manual.  

 

 
 

i. Menu 5 – Set Number Repeaters to 0 if there are no Repeaters in 
the net work or 1 if there are 1 or more Repeaters in the network. 

j. Set Master Packet Repeat to 3.  
k. Set NetworkID to a unique value from 0 to 4095.  

i. DO NOT USE 255.  This enables the CallBook (Menu 2). 
l. Other settings in menu 5 are to be set at the users’ discretion 

according to the FreeWave User Manual. 
 

2) The Slave must have the following menu items set to work properly.   
a. Menu 0 – set the FGRIO Slave to 3 Multipoint Slave. 

i. DO NOT SET TO FGRIO SLAVE (E) 
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b. Menu 1 – Modbus RTU set to 1 
c. Menu 1 –TurnOffDelay set to 4. (this may be adjusted later). 
d. Menu 1 –TurnOnDelay set to 0. (this may be adjusted later). 

 

 
 

e. Menu 2 – Not Applicable 
f. Menu 3 – Set FreqKey as necessary to match the Master or 

Repeater. 
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g. Menu 3 – Set Max and Min Packet sizes to match the Master.  
h. Menu 3 – Set Retry Time Out to 64 is recommended. 
i. Other settings in Menu 3 are to be set at the users’ discretion 

according to the FreeWave User Manual.  
j. Menu 5 – Set Master Packet Repeat to 3.  
k. Menu 5 – Set NetworkID to match the Master.  
l. Other settings in menu 5 are to be set at the users’ discretion 

according to the FreeWave User Manual. 
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3) New options have been added to support Modbus in Menu 9 FGRIO 

Setup. 
 

 
 

a. Below shows the menu with Modbus enabled.  (press 5 to toggle 
function) 

b. Option 0, the value set is in .28 second units. This sets the 
duration after loss of communication before entering default 
condition.  e.g. A value of 28 = 10 seconds. 

c. Options 3-4 Digital Def1 and Digital Def2. This controls the state of 
the digital output defaults invoked on loss of communication.  See 
option 0 below for timing. 

i. On = energized (Contact to GND is closed) 
ii. Off = not energized (Contact is open) 
iii. Unchanged = if communication is lost, do not change state.  
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d. Option 5 IO Modbus toggles between Modbus and Non-Modbus 
setup modes. Menus 0, 1, 2, 3 also need value changes to switch 
modes. 

e. Option 6 Sensor Power Default at power-on toggles On or Off.  
f. Options 7-8 DI1 and DI2 Counter Edge Toggles between Rising or 

Falling edge. 
g. Option 9 Modbus ID value selectable from 1– 246. 
h. Options A and B Clear Counter (1 or 2) on Read.  Clears the count 

on the given DI input immediately after Read. This prevents loss of 
counts which could occur between a Read operation and a later 
Clear operation. NOTE: Clear on Read only works when both 16 
bit registers are read together in a single Modbus poll. 

i. Options C and D are user-entered values to subtract from the AI1 
and AI2 MSW (Most Significant Word) measurements to provide 
zero-shifted versions of AI1 and AI2. The results can be either 
clipped at zero or allowed to wrap to full scale. See the memory 
map for further information. 
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4) Modbus Register Map 
 

COLOR KEY for Register Map 
 
Read Only, RO 
Read/Write, RW 
Non-Volatile on PWR cycle; for setup only: 10,000 write lifetime 

  
REGISTER 
MAP FOR 
MODBUS 
I/O            
             
TYPE ADDRESS   ENTITY BITS  NOTES 

  PROTOCOL PLC      
All addresses described are "PLC" 
numbers 

"COIL" 0 1 DO1 1  
On Read, returns actual state if ~= 
Command; Power-up Default = OFF 

"COIL" 1 2 DO2 1  
On Read, returns actual state if ~= 
Command; Power-up Default = OFF 

"COIL" 2 3 SENSOR PWR 1  
On Read, returns actual state if ~= 
Command 

"COIL" 3 4 SENSOR DEFAULT 1  Default = ON 
"COIL" 4 5 DO1 FAULT 1  Clear fault if successful retry 
"COIL" 5 6 DO2 FAULT 1  Clear fault if successful retry 
"COIL" 6 7 SENSOR PWR FAULT 1  Clear fault if successful retry 

"COIL" 7 8 
COMM FAIL FAULT 
LATCH 1  DOx have defaulted, clear by user 

"COIL" 8 9 CLR CNTR1 ON RD 1  Default OFF 
"COIL" 9 10 CLR CNTR2 ON RD 1  Default OFF 

"COIL" 10 11 
CNTR1 INC ON 0-1 
EDGE 1  Default OFF; Increment on 1-0 Edge 

"COIL" 11 12 
CNTR2 INC ON 0-1 
EDGE 1  Default OFF; Increment on 1-0 Edge 

"COIL" 12 13 
DO1 LEAVE 
UNCHANGED 1  Default ON, Overrides DO1 Default 

"COIL" 13 14 
DO2 LEAVE 
UNCHANGED 1  Default ON, Overrides DO2 Default 

"COIL" 14 15 DO1 DEFAULT STATE 1  Default OFF 
"COIL" 15 16 DO2 DEFAULT STATE 1  Default OFF 
"COIL" 16 17 CNTR1 INC LATCH 1  ON at inc; OFF by user 
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"COIL" 17 18 CNTR2 INC LATCH 1  ON at inc; OFF by user 

"COIL" 18 19 CNTR1 CLEAR 1  
Default OFF, pulsed so Read = always 
OFF 

"COIL" 19 20 CNTR2 CLEAR 1  
Default OFF, pulsed so Read = always 
OFF 

"COIL" 20 21 AI1 OFFSET CLIP AT 0 1  Default ON 
"COIL" 21 22 AI2 OFFSET CLIP AT 0 1  Default ON 
"COIL" 22 23 Reserved 1    
"COIL" 23 24 Reserved 1    
"COIL" 24 25 DI1 PULLUP 1  Default ON, OFF = PULLDOWN 
"COIL" 25 26 DI2 PULLUP 1  Default ON, OFF = PULLDOWN 
             
DISCRETE IN 10000 10001 DI1 1  Real-Time state of DI1 
DISCRETE IN 10001 10002 DI2 1  Real-Time state of DI2 
DISCRETE IN 10002 10003 DI of AI1 1  Compare of AI1: "1" = AI1 > 1.65V 
DISCRETE IN 10003 10004 DI of AI2 1  Compare of AI2: "1" = AI2 > 1.65V 
DISCRETE IN 10004 10005 DTR 1  Real-Time state of IODTR line on J3 
             

INPUT REG 30000 30001 AI1 MSW 16  
Upper 16 bits; msb=5V, 
lsb=152.587uV 

INPUT REG 30001 30002 A1 LSW 16  Lower 5 bits, lsb=4.768uV, L-justified 

INPUT REG 30002 30003 AI2 MSW  16  
Upper 16 bits; msb=5V, 
lsb=152.587uV 

INPUT REG 30003 30004 A2 LSW 16  Lower 5 bits, lsb=4.768uV, L-justified 
INPUT REG 30004 30005 DI1 COUNTER MSW 16  Upper 16 bits of 32 bit counter 
INPUT REG 30005 30006 DI1 COUNTER LSW 16  Lower 16 bits of 32 bit counter 
INPUT REG 30006 30007 DI2 COUNTER MSW 16  Upper 16 bits of 32 bit counter 
INPUT REG 30007 30008 DI2 COUNTER LSW 16  Lower 16 bits of 32 bit counter 
INPUT REG 30008 30009 Vbatt 16  Supply Voltage; lsb=32.62mV 

INPUT REG 30009 30010 degC 16  
Signed degC temperature of radio 
PCB 

INPUT REG 30010 30011 ALL DI'S 16  10016:10001, unused bits = 0's 
INPUT REG 30011 30012 ALL COILS 16:1 16  PLC Addresses 16:1, but Read-Only 
INPUT REG 30012 30013 ALL COILS 32:17 16  PLC Addresses 32:17, but Read-Only 
INPUT REG 30013 30014 AI1 MSW Offset Result 16  AI1 MSW - AI1 USER OFFSET 
INPUT REG 30014 30015 AI2 MSW Offset Result 16  AI2 MSW - AI2 USER OFFSET 
             

HOLDING REG 40000 40001 ALL COILS 16:1 R/W 16  
PLC Addresses 16:1; mask off W's to 
RO's 

HOLDING REG 40001 40002 ALL COILS 32:17 R/W 16  
PLC Addresses 32:17; mask off W's to 
RO's 

HOLDING REG 40002 40003 DO's DEFAULT DELAY 16  
.28 sec units of Retry Timeout to DO 
Defaults 

HOLDING REG 40003 40004 AI1 USER OFFSET 16  
Value to subtract from 30001 for 
30014 

HOLDING REG 40004 40005 AI2 USER OFFSET 16  
Value to subtract from 30002 for 
30015 

 
Explanatory Notes by PLC Address: 
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Note: Non-volatile addresses have maximum 10,000-write endurance and 
include PLC addresses: 4, 9, 10, 11, 12, 13, 14, 15, 16, 21, 22, 40003, 40004, 
40005 and Protocol addresses: 3, 8, 9, 10, 11, 12, 13, 14, 15, 20, 21, 40002, 
40003, 40004. 
 
Note: The radio will treat requested register addresses below 00256 as implicitly 
referencing higher registers according to the command code issued.  
For example a command to “Read Holding Register 00003” will return the 
contents of register 40003, as the Holding Registers all reside at 40000 and 
above.  
Similarly, a command to “Read Discrete Input 00002” will return the state of 
address 10002.  
A request to “Read Coil 00002” will return the state of address 00002, as the coils 
actually are resident at addresses below 256. 
 
1 Discrete Output #1 (DO1)  

Emulates a contact closure to GND using a solid-state device. Rated 
current is 2.0 Amps maximum; protection algorithms will shut OFF the DO 
at about 2.25 Amps. See “coil” 5 for Fault sensing and coils 13, 15 and 
register 40003 for Default settings. 
 

2 DO2; Similar operation to DO1 
 

3 Sensor Power  
Radio power-on default controlled by coil 4. See coil 7 for Fault sensing. 

 
4 Sensor Power-On Default 

Factory Pre-set to ON.  
 
5 DO1 FAULT 

DO1 Current is sensed and turned OFF if > 2.25A nominal, resulting in ON 
condition of this synthetic “coil”. Radio periodically turns DO1 back ON and 
checks for persistence of Fault. If Fault condition ends, this coil 
automatically reverts to OFF. 
 

6 DO2 FAULT; Similar operation to coil 5. 
 
7 SENSOR POWER FAULT 

Similar operation to coils 5, 6, except Fault threshold is >50mA. An 
algorithm allows the Fault threshold to be exceeded for several 
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milliseconds to allow charging of external sensor bypass capacitors. 
Sensors having large bypass capacitance may nevertheless force this Fault 
and not be usable with the Sensor Power output. Such devices may be 
low-side switched with a DO or permanently powered by B+ IN. 
 
It is possible to achieve an extra pseudo-DI function by powering a resistor 
sized to draw approximately 100mA from Sensor Power connected to a 
contact closure whose other side is GND. Closure causes a “1” on Read of 
this coil. Since the re-try duty cycle of the 100mA current is low, only about 
1mA of extra average supply current results. Any powered sensors present 
would need to be powered by direct connection to B+ IN. 

 
8 COMM FAIL FAULT LATCH 

In case of communication failure, DO’s can be set up to go to Default states 
under control of coils 13-16. This coil serves to inform (after communication 
is restored) that the link was lost long enough to activate the Defaults. This 
coil remains ON until turned OFF by Modbus command. 
 

9 CLEAR COUNTER 1 ON READ 
If ON, this coil causes the DI1 counter to be cleared automatically when 
Read, preventing loss of counts occurring between a Read and subsequent 
Clear (see coil 19). This coil only functions if the Read is of both registers 
30005 and 30006. Factory Pre-set is OFF, so that DI1 Counter 
accumulates up to maximum value of 4,294,967,295. 
 

10 CLEAR COUNTER 2 ON READ; Similar operation to coil 9. 
 
11 CNTR1 INC ON 0-1 EDGE 

Factory Pre-set is OFF, so that falling edges of DI1 cause the Counter to 
increment. Change of this setting by Modbus command may cause a false 
increment. 
 

12 CNTR2 INC ON 0-1 EDGE; Similar to coil 11. 
 
13 DO1 LEAVE UNCHANGED 

Factory Pre-set ON. Users may not want the radio to automatically enter 
defined Default states after communication loss. This coil takes precedence 
over the Default State setting of coil 15. 

 
14 DO2 LEAVE UNCHANGED; Similar to coil 13. 
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15 DO1 DEFAULT STATE 

Factory Pre-set OFF. If coil 13 is OFF and communication is lost longer 
than the timeout of register 40003, DO1 will go to the state of this coil. 
 

16 DO2 DEFAULT STATE; Similar to coil 15. 
 
17 CNTR1 INC LATCH 

Power-on state is OFF. Latch is set ON when an increment event occurs on 
DI1 and can only be cleared to OFF by Modbus command. This is useful 
for single event detection, such as plunger arrival. 
 

18 CNTR2 INC LATCH; Similar to coil 17 
 
19 CNTR1 CLEAR  

Forced reset to zero of DI1 Counter. Setting this coil to ON clears the 
counter and this coil, so that a Read of this coil is always OFF. 
 

20 CNTR2 CLEAR; Similar to coil 19. 
 
21 AI1 OFFSET CLIP AT 0 

ON: Unsigned Offset calculation (30014 = 30001 - 40004) forced to zero in 
case: 40004 > 30001. 
OFF: Unsigned Offset calculation (30014 = 30001 - 40004) allowed to wrap 
in case: 40004 > 30001. For example, if 40004 = 30001 + 1, 
30014 = 65,535. 
 

22 AI2 OFFSET CLIP AT 0; similar to coil 21. 
 
25 DI1 PULLUP 

Default is ON; a 10Kohm internal resistor attached to the input is connected 
to the 3.3V logic supply to provide a pullup for closed-contact-to-GND 
sensors. Turning this coil OFF connects the resistor as a pulldown to GND 
for use with closed-contact-to-voltage sensors.  
 
This function permits the DI to be used as an auxiliary DO, although with 
10Kohm output impedance. The 3.3V swing available is sufficient to drive 
some logic-level MOSFETs to boost the available power. Such external 
circuitry is not UL Class I/Div II approved. No fault sensing is provided. 
Also, this setting is volatile and reverts to the default ON state after power 
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cycling or putting the radio in Reset. 
 

26 DI2 PULLUP; similar to coil 25. 
 
10001 DI1 

The present state of DI1. Logic threshold is 1.15 to 2.15V. 
 
10002 DI2; Similar to register 10001. 
 
10003 DI OF AI1 

The most recent conversion of AI1 compared to a threshold of 1.65V 
exactly. This comparison is made at 330msec intervals and no counting or 
latching functions are available. Useful for slow devices such as float 
switches. The AI’s present a 94 Kohm resistance to GND, so a pullup 
resistor is required when using a contact to GND or open collector as the 
source. 

 
10004 DI OF AI2; Similar to register 10003. 
 
10005 DI of IODTR 

Pin 3 of the J3 10-pin connector can be used as an auxiliary DI. The pin 
presents a 3 Kohm to 7 Kohm resistance to GND and a threshold voltage of 
up to 2.4V. For use with a contact to GND or open collector, a pullup 
resistor must be supplied able to pull the input above 2.4V. For example, a 
recommended resistor for a 12V pullup source would be 8.2 Kohm or less. 

 
30001 AI1 MSW 

The Most Significant Word of the AI1 conversion. One least-significant-bit 
(lsb) = 152.587uV. Although full scale would be 10V, the hardware limits the 
maximum to 5.625V. Most users will only require this MSW. 
 

30002 AI1 LSW 
For those users requiring the maximum possible resolution, the final 5 bits 
of the AI1 conversion are here, left-justified, so that the MSW, LSW register 
pair can be regarded as a 32-bit unsigned integer with 10V = $FFFFFFFF. 
 

30003 AI2 MSW; Similar to 30001. 
 
30004 AI2 LSW; Similar to 30002. 
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30005 DI1 COUNTER MSW 
The upper 16 bits of a 32 bit DI1 counter (unsigned) formed by registers 
30005, 30006. Counter is controlled by coils 9, 11, 19. Maximum count rate 
is dependant on Max, Min Packet Sizes; sizes 2, 2 allow counting of as low 
as 20msec per phase (both “1” and “0”), while sizes 9, 9 allow only down to 
50msec per phase. 
 

30006 DI1 COUNTER LSW 
The lower 16 bits of the 30005, 30006 Counter. Many customers will only 
use this LSW, but if the Clear-On-Read function of coil 9 is desired, both 
registers must be Read in a single command. 
 

30007 DI2 COUNTER MSW; Similar to 30005. 
 
30008 DI2 COUNTER LSW; Similar to 30006. 
 
30009 Vbatt 

The supply voltage to the radio as an unsigned integer in units of 32.62mV 
per lsb. Useful for remote monitoring of battery charge. 
 

30010 degC 
The temperature of the radio PCB as a signed integer with units of 1 
degree Celsius per lsb.  
 

30011 ALL DI’S 
For convenience, all the DI’s are combined in a single word, with DI1 as lsb 
and unused bits Read as “0”. 
 

30012 ALL COILS 16:1 
For convenience, coils 16:1 are combined in a single word, with coil 1 as 
lsb. 
 

30013 ALL COILS 32:17 
For convenience, coils 32:17 are combined in a single word, with coil 17 as 
lsb. Unused bits are Read as “0”. 
 

30014 AI1 MSW Offset Result 
Some customer Modbus controllers lack a convenient means of adjusting 
Modbus AI readings for offset. For example, a 1-5V pressure transmitter 
would define 0 psi as a 1.00V output, for which the AI1 conversion MSW 
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would be 6553. For convenience, the user can enter an unsigned integer 
(such as 6553) in register 40004 which will be subtracted from the AI1 
MSW of register 30001 and the unsigned result placed here. No provision 
for multiplicative scaling is made and no corrected LSW is available. Also, 
negative results may be forced to $0000 according to coil 21, or allowed to 
wrap modulo 65,536.  
 

30015 AI2 MSW Offset Result; Similar to 30014. 
 
40001 ALL COILS 16:1 R/W  

(Write currently unimplemented) Holding Register combining coils 16:1 in a 
single writable register. Non-writable “coils” 5-8 will ignore Writes. 
 

40002 ALL COILS 32:17 R/W  
(Write currently unimplemented) Holding Register combining coils 32:17 in 
a single writable register. Unused bits will ignore Writes and Read as “0”. 
 

40003 DO’s DEFAULT DELAY 
The duration in units of 1/3 second that the radio DO’s will hold their current 
values while searching for the network before invoking the Default settings 
of coils 13-16. 
 

40004 AI1 USER OFFSET 
An unsigned integer to be subtracted from the AI1 MSW at register 30001, 
with the result placed in register 30014. Useful for translating offset sensors 
such as 1-5V or 4-20mA types so that their minimum output Reads as 
$0000 in register 30014. 
 

40005 AI2 USER OFFSET; Similar to 40004. 
 
 


