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APM CALIBRATION PROCEDURE 
Rev. “A”  June 3, 2015 

 
Calibration of the APM allows system parameters such as coupler coupling values, interconnecting cable 
losses and system feeder losses to be programmed into the APM for optimum measurement accuracy.   
 
Motorola has approved three methods of APM calibration:   
 

1. Option 1  (Preferred Method – utilizes high accuracy digital power meter as a reference) 
2. Option 2  (Very similar to Option 1 – also utilizes high accuracy digital power measurement) 
3. Option 3  (Utilizes a service monitor for APM power calibration) 

 
The first two options require an accurate power measurement device capable of measuring digital 
signals.  The third option requires a service monitor capable of generating a 0 dBm signal utilizing the 
modulation scheme of the system being optimized.  Test equipment requirements for each option are: 
 
 

TEST EQUIPMENT REQUIREMENTS 

OPTION EQUIPMENT TYPE 
VENDOR AND MODEL # 

(or equivalent) 
COMMENTS 

1, 2 Digital Power Meter R&S NRT-Z14   

1, 2, 3 50Ω Termination  - Capable of handling base station TX power 

3 Service Monitor - Capable of generating system modulation @ 0 dBm 

3 
RF Cable for Svc 

Monitor 
- With known insertion loss 

 
 
For Motorola systems, there are two reference points for power measurement:   
 

1. The TX output port of each repeater:  “BR Tx Out” 
2. The TX output of the cabinet / rack:  “Cabinet Tx Out” 

 
(Refer to the drawing “GTR 8000 ESS TX RFDS Test Setup” on the next page) 
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NOTE:  With this alignment procedure, the APM GUI’s display of “Combiner I.L.” 
actually will reflect the total “Tx RFDS LOSS” shown in the above drawing.   
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Selecting each indented topic under the “Calibration” screen in the GUI will display that item as a 
separate page. 
 
 
 
 
 
 
 

 
  
 
 
 
The following discusses the calibration of the APM “TX Port 1” and its associated hybrid coupler.  The 
procedure for TX Ports 2, 3 and 4 is identical. 
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The above screen shot contains all the necessary fields for the calibration process.   
 
 

CALIBRATION PROCEDURE 
 
 
The only difference between Options 1 and 2 are the way in which the BTx power levels are entered into 
the APM.  These steps will be performed first and then the remainder of the calibration procedure will 
apply to both options.  Option 3 will be listed following the Option 1 / 2 procedure and begins on Page 
12. 
 
 
 
 
 
 



APM Calibration Procedure (June 3, 2015) Page 5 
 

 
BTx POWER LEVEL SETTING: 
 
OPTION 1 (Preferred) 
 

1. Measure the output power, in dBm, of each repeater at the repeater TX connector using the 
Rohde & Schwarz (or equivalent) power sensor.  The output of the sensor should connect to the 
cable which connects the repeater under test to the combiner input. 

2. On the APM GUI, enter the measured power into the “BTx Pwr” field and then click the “Apply” 
button at the top right section of the screen. 

3. Repeat Step 2 for each repeater associated with the APM TX Port being calibrated. 
 
OPTION 2  (Assumes all repeaters are set at the same power level.  If not, use Option 1 procedure) 
 

1. Measure the output power, in dBm, of a repeater in the middle of the frequency range used by 
the system.  Make the measurement at the repeater TX connector using the Rohde & Schwarz (or 
equivalent) power sensor.  The output of the sensor should connect to the cable which connects 
the repeater under test to the combiner input. 

2. On the APM GUI, enter this measured power into the “BTx Pwr” field for each of the repeater 
channels in the system associated with the TX Port being calibrated. 

3. Click on the “Apply” button at the top right section of the screen. 
 
The following procedures apply to both Option 1 and Option 2: 
 
FORWARD COUPLING: 
 

1. Preset the “Forward Coupling” and “Reverse Coupling” values on the screen to “40.0” dB. 
2. Preset the “Antenna Feeder” to “0.0” dB   
3. Connect the Rohde & Schwarz (or equivalent) power meter to the “Cabinet TX Out” port (see 

drawing on Page 2) and terminate the output of the sensor into the site antenna network.  Key a 
repeater, near the center of the frequency range of the system, and note the forward power (in 
dBm). 

4. Adjust the “Forward Coupling” value as needed until the “Reported Pwr – Fwd” matches the 
power measured in Step 4.  NOTE:  You must click on “Apply” after each change in the coupling 
value for the new value to take effect.  Click the “Refresh” button several times to ensure a 
stable power reading on the APM. 

5. Set the “Reverse Coupling” value to the same as the “Forward Coupling” value and click “Apply” 
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REVERSE COUPLING: 
 
Confirm that the coupler, for UHF and 700/800 MHz, is the latest model.  The latest models will have the 
“FWD” and “REV” Type N connectors at either end of the coupler, next to the DIN connectors.  For 
reference, here are photos of both types of couplers: 
 

 
 

Legacy Bi-Directional Coupler (VHF shown, UHF and 700/800/900 MHz are similar, but shorter) 

 
 

 
 

Current Dual-Directional Coupler (UHF, 700/800/900 MHz only) 
 
 

If your couplers are VHF, legacy UHF or legacy 700/800 MHz, 
perform the steps on the next page.  Otherwise, proceed to Page 8. 
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1. On the Calibration Screen, check the “Enabled” box next to “VSWR Calibration” 
2. Click “Apply” 
3. Click on the “Calibrate” button  

 
The following screen will appear: 
 

 
 
Follow the calibration steps listed on the screen.  Note that you can connect the termination to the 
“Cabinet TX Out” port rather than directly to the APM coupler as mentioned in Step 2. 
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REVERSE COUPLING:  (Perform these steps regardless of coupler type) 
 

1. Connect the antenna system to the output of the Rohde & Schwarz sensor (the input of the 
sensor should still be connected to the “Cabinet TX Out” connector.  The objective here is to 
measure some reflected power rather than using the 50Ω termination which would provide 
minimal reflected power. 

2. Key a repeater near the center frequency of the system frequencies and measure the value of 
the reflected power, in dBm. 

3. Adjust the Reverse Coupling value until the APM “Reported Pwr – Rev” matches that read on the 
R&S meter.  NOTE:  You must click on “Apply” after each change in the coupling value for the 
new value to take effect.  Click the “Refresh” button several times to ensure a stable power 
reading on the APM. 

 
 
CALIBRATION CONFIRMATION 

 
1. With the antenna system connected, and the R&S sensor still in-line, select “Service Mode” 

on the APM GUI menu.  (screen shot on the next page) 
2. At the top left of the GUI screen, select the appropriate TX Port and Channel from the drop 

down menus 
3. At the lower portion of the screen, click on “Start”.  This will “lock” the APM onto the 

selected channel and begin sampling the forward and reflected power levels. 
4. Key the repeater and compare the forward and reflected power readings with those 

measured by the R&S meter.  The readings should correlate closely.  If so, the calibration has 
been confirmed. 

5. De-key the station and click “Stop” at the bottom of the APM screen. 
6. From the GUI menu, click on “Calibration” and select the appropriate TX Port 
7. Enter the antenna feeder loss in the upper portion of the screen, below the coupler loss 

values and then click “Apply”. 
8. The APM will now display SWR at the antenna rather than at the “Cabinet Tx Out” port. 

 
Note:  In the future, if the SWR at the “Cabinet Tx Out” port needs to be measured, simply change the 
feedline loss to 0.0 dB, click “Apply” and then make the measurement.  Before leaving the site, return 
the feedline loss to the previous value and click “Apply” again. 
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APM ALARM SETTINGS: 
 
Using the GUI, select “Configuration”, “Alarm Settings” and “TX Port 1”.  That will bring up the following 
screen: 
 

 
 
Based on system requirements, enter the desired values for minimum and maximum TX  power levels 
(at the system output connector), maximum combiner insertion loss and maximum VSWR.  The values 
shown above are the default APM values.  Note that the “Max I.L.” is actually the “Tx RFDS LOSS” 
shown on the drawing on Page 2. 
 
Once all values are entered, click on the “Apply” button to save them. 
 
The recommended value for maximum VSWR is 1.7:1 which corresponds to a return loss of 12 dB.  Note 
that if the feedline insertion loss was entered during the calibration process, the APM will calculate a 
VSWR at the antenna and this value will be used for alarming.  If the feedline loss was left at 0 dB, the 
displayed VSWR and corresponding alarm point will be at the “Cabinet Tx Out” connector. 
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RX PORT CALIBRATION 
 
The following will calibrate the APM RX levels read from an output port of the receive multicoupler. 
 
At the APM GUI, click on “Calibration” and then “RX Port”.  The following screen will appear: 
 

 
 
For TTA / RX multicoupler systems, enter the system Reserve Gain in the “RX Subsystem Gain (Loss)” 
field.  For non-TTA systems, enter the net of the RX feedline loss and any multicoupler gain.  Gain is 
entered as a positive number, loss as a negative number. 
 
The “RX Post Gain (Loss)” field is for any gain or loss in line with the APM RX input which is not present in 
the path to the base receiver(s).  Click on the “Help” button shown for further explanations.  The 
objective here is to ensure that the APM is displaying the receive level present at the input of any site 
receivers. 
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ANTENNA ISOLATION CONFIGURATION 
 
If antenna isolation testing is not going to be used, this step may be skipped.  
 
At the APM GUI, select “Configuration” and then “Antenna Isolation”.  The following screen will be 
displayed: 
 

 
 
 There are five items which need to be set: 
 

1.  Automatic Isolation Test        (enabled or not) 
2.  Test Frequency 
3.  Automatic Test Schedule  (from drop-down menu) 
4.  Minimum Isolation (Alarm level) 
5.  Maximum Isolation (Alarm level) 

 
The four fields in the center of the chart are automatically filled in based on previous entries.  Be sure to 
click on “Apply” after completing the screen so that the entered values are saved. 
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FINAL STEP! 
 
Upon completion of APM setup, select “Maintenance” and then “Configuration Files” from the GUI 
menu.  The following screen will appear: 
 

 
 
At the bottom of the screen, enter a filename for the configuration file and click on “Save”.  The 
filename will appear as above in the existing Configuration Files box.  Click “download” and then save 
the file to your laptop.  This file is then a backup plus it can be used to upload to new APM’s in the 
system.  For other sites, the frequencies, etc. can simply be edited rather than having to be entered 
completely.  Note that the other sites will each require their own calibration procedure. 
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APM CALIBRATION PROCEDURE (Option 3) 
 

1. Connect the service monitor to the “Combiner” port of the APM hybrid coupler and the 50Ω 
termination to the “Antenna” port of the coupler. 

2. Set the generator to the correct modulation type for the channel being measured and adjust its 
output level for 0 dBm. 

3. Enter 40.0 dB into both the Forward Coupling and Reverse Coupling fields on the GUI. 
4. Enter 0 dB into the Antenna Feeder field. 
5. Enter the signal level (generator setting minus cable loss) into the BTx Power field.  For this 

example, that is 0dBm – 0.6 dB = -0.6 dBm.  This is the level present at the “Combiner” port of 
the hybrid coupler.  Note:  Do not press the “CAPTURE” button to the right of the BTx Power 
level field. 

6. The GUI should appear as follows: 
 

 
 
 

7. Click the “Apply” button toward the upper right of the screen. 
8. Look at the “Reported Pwr - Fwd” field for the channel being used for calibration. 
9. Adjust the “Forward Coupling” value up or down until the displayed “Fwd” power reading 

matches that in the “BTx Pwr” field.  Click the “Apply” button each time a change is made to 
“Forward Coupling” value. 
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10. At this point, disregard the reading in the “Reported Pwr - Rev” field. 
11. Once the “Reported Pwr - Fwd” and “BTx Power” fields match, click the “Refresh” button a few 

times to confirm a stable reading and then click the “Apply” button and make no further changes 
to the “Forward Coupling” value. 

 
REVERSE COUPLING: 
 

1. Keep the generator settings and test cable the same. 
2. Move the generator cable to the “Antenna” port of the hybrid coupler and the 50Ω termination 

to the “Combiner” port of the coupler. 
3. Click the “Refresh” button and note the power level shown in the “Reported Pwr - Rev” field. 
4. Adjust the “Reverse Coupling” value up or down until the displayed “Rev” power reading 

matches that in the “BTx Pwr” field.  Click the “Apply” button each time a change is made to the 
“Reverse Coupling” value. 

5. At this point, disregard the reading in the “Reported Pwr - Fwd” field. 
6. Once the “Reported Pwr - Rev” and “BTx Pwr” fields match, click the “Refresh” button a few 

times to confirm a stable reading and then click the “Apply” button and make no further changes 
to the “Reverse Coupling” field. 

 
BTx POWER SETTING: 
 
In order to allow an accurate calculation of Combiner Insertion Loss, the value of transmit power applied 
to the combiner input from each transmitter (in dBm) needs to be entered into the “BTx Power” field.  
There are two procedures which can be used: 
 

 Motorola Preferred 

 Optional 
 
With the “Preferred” procedure, the actual base station input power to the combiner is measured and 
stored within the APM for each station.  With the “Optional” procedure, one station’s input power to 
the combiner is measured and stored.  The remaining stations power levels are then simply entered into 
the APM GUI and saved.  In either case, a final check is to verify the combiner insertion loss for each 
channel.  If the optional procedure has been used, any channel exhibiting incorrect combiner loss 
(factory spec ± 1 dB), the TX power into that channel must be measured and saved into the APM using 
the preferred procedure before beginning any combiner troubleshooting or retuning. 
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The APM may be used to measure and store the power for each channel.  This is achieved by performing 
the following procedure: 
 

1. Connect a known good 50Ω load to the “Antenna” port of the APM hybrid coupler. 
2. Connect the cable from each station, one at a time, to the “Combiner” port of the APM coupler. 
3. Key the base station. 
4. Click on the “Refresh” button at the top of the Calibration screen until a stable value is shown in 

the “BTx Pwr” field of the associated channel. 
5. Click the “Capture BTx Pwr” button associated with the channel being measured. 
6. Click the “Apply” button after each capture. 
7. Repeat for each base station. 

 
The APM will retain the measured power level until such time as it is changed either manually or by a 
repeating of the above procedure at a later date. 
 
OPTIONAL METHOD: 
 
  If the BTx power level is accurately known, simply enter it for each channel and then click the “Apply” 
button to save all values.  The combiner insertion loss is calculated by subtracting the measured forward 
power at the APM coupler from the value assigned in the “BTx Pwr” field.  A table of watts vs dBm is 
shown below for reference: 
 

 
TX 

POWER 
(WATTS) 

TX 
POWER 
(dBm) 

  

TX 
POWER 
(WATTS) 

TX 
POWER 
(dBm) 

  

TX 
POWER 
(WATTS) 

TX 
POWER 
(dBm) 

10 40.0 40 46.0 70 48.5 

15 41.8 45 46.5 75 48.8 

20 43.0 50 47.0 80 49.0 

25 44.0 55 47.4 85 49.3 

30 44.8 60 47.8 90 49.5 

35 45.4 65 48.1 95 49.8 

 
 

100 50.0 
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VSWR CALIBRATION:   
 
For VHF systems and UHF as well as 700/800/900 MHz systems utilizing legacy bi-directional couplers, 
the APM is equipped with an algorithm to improve the VSWR measurement accuracy.  (This procedure is 
to be skipped for UHF or 700/800/900 MHz systems using the current dual-directional couplers.  
Proceed to “Verification” on Page 17.  VHF systems, and UHF or 700/800 systems utilizing legacy 
couplers need the following procedure to be performed.) 
 
For reference, the following photos show the physical difference between the two types of couplers: 
 
 

 
 

Legacy Bi-Directional Coupler (VHF shown, UHF and 700/800/900 MHz are similar, but shorter) 

 
 
 

 
 

Current Dual-Directional Coupler (UHF, 700/800/900 MHz only) 
 

The legacy couplers are readily identifiable as they have the “FWD” and “REV” ports (Type N connectors) 
along the bottom edge.  The bi-directional couplers have those ports on the ends of the coupler along 
with the 7/16 DIN connectors. 
 
To perform the VSWR Calibration, select a channel in the middle of the frequency range and then check 
the “Enabled” box on the Calibration screen.   Click the “Calibrate” button to the right of the box and the 
following screen will be displayed: 
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Follow the procedure shown on this screen to complete the VSWR Calibration. 
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VERIFICATION 
 
Now that the calibration has been completed, a quick check will verify performance. 
 

1. Connect the 50Ω termination to the “Antenna” port on the APM coupler 
2. Connect the combiner output to the “Combiner” port on the APM coupler 
3. In the GUI menu, select “Service Mode”  (screen shot below) 
4. In the “Service Mode”, select the TX Port and Channel to be tested. 

 

 
 
 

5.  Key the base station and note the Forward power and VSWR.  The VSWR should be low with the 
load attached. 

6. De-Key the station and connect the antenna system.   
7. Repeat Step 5 noting that the VSWR may be a bit higher with the antenna attached. 
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8. Return to the “Calibration” menu, enter the Feed Line loss into the “Antenna Feeder” field and 
then click “Apply”.  The APM will now display the VSWR calculated at the antenna rather than 
the base of the feedline.  If you prefer the APM to measure the VSWR at the bottom of the feed 
line (output port of the coupler), leave the feed line loss at 0 dB. 

9. Repeat the above verification for a channel within each of the active “TX Ports” 
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APM ALARM SETTINGS: 
 
Using the GUI, select “Configuration”, “Alarm Settings” and “TX Port 1”.  That will bring up the following 
screen: 
 

 
 
Based on system requirements, enter the desired values for minimum and maximum TX  power levels 
(at the system output connector), maximum combiner insertion loss and maximum VSWR.  The values 
shown above are the default APM values.  Note that the “Max I.L.” is actually the “Tx RFDS LOSS” 
shown on the drawing on Page 2. 
 
Once all values are entered, click on the “Apply” button to save them. 
 
The recommended value for maximum VSWR is 1.7:1 which corresponds to a return loss of 12 dB.  Note 
that if the feedline insertion loss was entered during the calibration process, the APM will calculate a 
VSWR at the antenna and this value will be used for alarming.  If the feedline loss was left at 0 dB, the 
displayed VSWR and corresponding alarm point will be at the “Antenna” connector of the APM hybrid 
coupler. 
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RX PORT CALIBRATION 
 
The following will calibrate the APM RX levels read from an output port of the receive multicoupler. 
 
At the APM GUI, click on “Calibration” and then “RX Port”.  The following screen should appear: 
 

 
 
 
For TTA / RX multicoupler systems, enter the system Reserve Gain in the “RX Subsystem Gain (Loss)” 
field.  For non-TTA systems, enter the net of the RX feedline loss and any multicoupler gain  Gain is 
entered as a positive number, loss as a negative number. 
 
The “RX Post Gain (Loss)” field is for any gain or loss in line with the APM RX input which is not present in 
the path to the base receiver(s).  Click on the “Help” button shown for further explanations.  The 
objective here is to ensure that the APM is displaying the receive level present at the input of any site 
receivers. 
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ANTENNA ISOLATION CONFIGURATION 
 
If antenna isolation testing is not going to be used, this step may be skipped.  
 
At the APM GUI, select “Configuration” and then “Antenna Isolation”.  The following screen will be 
displayed: 

 
 
 
There are five items which need to be set: 
 
1.  Automatic Isolation Test        (enabled or not) 
2.  Test Frequency 
3.  Automatic Test Schedule  (from drop-down menu) 
4.  Minimum Isolation (Alarm level) 
5.  Maximum Isolation (Alarm level) 
 
The four fields in the center of the chart are automatically filled in based on previous entries.  Be sure to 
click on “Apply” after completing the screen so that the entered values are saved. 
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FINAL STEP! 
 
Upon completion of APM setup, select “Maintenance” and then “Configuration Files” from the GUI 
menu.  The following screen will appear: 
 

 

 
 
At the bottom of the screen, enter a filename for the configuration file and click on “Save”.  The 
filename will appear as above in the existing Configuration Files box.  Click “download” and then save 
the file to your laptop.  This file is then a backup plus it can be used to upload to new APM’s in the 
system.  For other sites, the frequencies, etc can simply be edited rather than having to be entered 
completely.  Note that the other sites will each require their own calibration procedure. 
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REVISION HISTORY 
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Rev. A:  June 3, 2015       Updated “Antenna Isolation” Configuration screen shot 
 
 


