FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 1Quick StartYour pair of FreeWave“ Wireless Data Transceivers are shipped from the factory pre-configured to operate in point-to-point applications. The Transceivers are preset forhigh speed data communications and to communicate only with each other.FreeWave will potentially operate in virtually any environment where RS232 datacommunications occur. The transceiver functions as a 9 pin null modem cable. IfFreeWave is to be used in an application where a null modem cable is used (such ascommunication between two computers), then FreeWave can be connected directly. IfFreeWave is to be used to replace a straight-through RS232 cable, then a null modemcable must be placed between the transceiver and the DCE instrument to which it isconnected.To establish communications between a pair of FreeWave Wireless Data Transceiversjust received from the factory:1.Set the baud rate on each transceiver to match the baud rate of the instrument to whichit is attached. Please note that when you are setting the transceiver’s baud rate you aresetting its RS232 data rate, which must match the rate for the instrument to which it isattached. This in turn means that the baud rate does not have to be on the samesetting for the two transceivers.2.Verify that the RS232 connector on the cable supplied will fit the RS232 interface on theinstrument to which it is being connected. The cable supplied will fit a 9 pin maleRS232 connector, any other format will need an adapter or different cable.3.Screw the included whip antennas in the modem (DGR-115 model only), ensuring theyare snug and properly seated.4.Connect the Transceiver to the instrument with the RS232 cable and attach the poweradapter to the Transceiver. Shortly after both modems are plugged in they shouldestablish a communications link with each other and your connection is complete!Note: The terms Modem and Transceiver are used interchangeably in this manual andin the text of the setup menu. While the words have different meanings, the twoterms should be treated as one and the same for the purposes of use of theFreeWave product.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 2Tuning FreeWave’s PerformanceFreeWave allows you to tune several parameters to optimize its performance for yourparticular application. All adjustments are done through the FreeWave setup program,a user interface which eliminates the need for setup diskettes, DIP switch settings, orcustom software.The setup program is invoked by connecting FreeWave to any terminal program, settingthe baud rate for that terminal to 19200 baud, and using a small pointed object to pressthe Setup button on the front panel of the transceiver. While any terminal which can beset to 19200 baud will work, all examples for this manual were generated using theTerminal application from Microsoft Windows 3.1.ParameterSettingBaud Rate19200Data Bits8ParityNoneStop Bits1Parity CheckNone / OffCarrier DetectNone / OffTable 1: Setup MenuTerminal Settings

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 3When the setup program is invoked all three LEDs on the FreeWave front panel will turngreen and will remain green for the entire time the Transceiver is in setup mode. Themain menu screen for the setup program is shown in figure 1:Figure 3: Mode 6 Script FileScript File CommandFunction ControlledATXF_Frequency KeyATXT_Max Packet SizeATXD_Min Packet SizeATXX_Transmit RateATXR_RF Data RateATXP_RF Transmit PowerATDT_Position in Call Book to CallATD_Allows specific FreeWave Serial Numberto be entered to callATXC_Used in conjunction with the ATDcommand, instructs transceivers whichrepeater path to followATXSInstructs Transceiver to go into SetupModeTable 3: Mode 6 Script FileCommands

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 9Using Mode 6 to call a transceiver not listed in the Call BookMode 6 will accept the command ATD####### where ####### is any arbitrary modem serialnumber such as 5551234. Upon receipt of this command the modem will call that modem eventhough the number is not in the sending modem�s Call Book. The modem will use the repeater(s)specified in the Call Book. This means it is now possible to call an unlimited number of slavesthrough script files in mode 6 and have up to 10 different repeater combinations.To use the new features the following steps should be followed:1. If one or two repeaters are to be used they must first be set up in the Call Book. This would bedone by setting up a number to call (this may be a dummy number) through the repeater(s)which you wish to use. 2. Issue the command ATXC# where # corresponds to the position in the Call Book where therepeater(s) is/are located. 3. Issue the command ATD####### where ####### is the serial number of the transceiver withwhich you are attempting a link. The transceiver will link first to the repeater(s) specified andthen to the slave transceiver. 4. If you wish to link to a different slave, this time without using a repeater, it is imperative thatyou reissue the ATXC# command, with # being either a position in the Call Book that containsno repeaters or the letter A. When the command ATXCA is issued the modem is instructed toCall All and no repeaters are used. The Slave security may be disabled so that a modem operating as a slave (Modes 1,4, and 6) willconnect to any modem calling it regardless of whether the calling modem is in the slave�s CallBook. This feature is necessary when there are more than 10 transceivers which may call into aslave and will allow any of the units in the system to call in. An entry exists in the Edit RadioCharacteristics Menu so that this feature can be enabled or disabled.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 10Changing the User Interface settings in Mode 6When in Mode 6 the settings in FreeWave’s user interface may be changed directlywithout use of the reset button. This is accomplished by the following:1.Enter a new entry under Call Online Service (such as FreeWave Setup).2.Establish a hardware setup entry for the FreeWave Transceiver with the followingsettings:3.Instruct pcANYWHERE to run a script file after connection (under advanced Host PCsettings). This script file should contain the following lines:SEND STRING "ATXS"END TERMINALWhen pcANYWHERE is instructed to call the entry corresponding to the FreeWaveSetup it should go into Terminal mode and then display the FreeWave User Interface.The LEDs on the FreeWave unit will all be solid green, indicating setup mode.Parameters in the menu may be modified as they normally would. When done with thesetup menu it should be exited in the normal manner, by pressing the escape key untilthe LEDs change back to the Mode 6 state (or if you cannot see the LEDs simply pressTerminal EmulationANSIFile Transfer ProtocolXMODEMHardware Setup NameDirect ConnectHardWare Setup options:ModemDirect ConnectData RateMatches baud rate onFreeWaveFlow ControlRTS/CTSParityNoneAdvanced Settings:Connection Started by (Calling PC)Always ConnectedConnection Ended by (Calling PC)Always ConnectedConnection Started by (Host PC)Carrier DetectConnection Ended by (Host PC)Carrier DetectDTR Signal StateAlways OnRTS Signal StateAlways OnTable 4: Mode 6HardwareSettings forSetup Mode

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 11the escape key 2-3 times when in the Main Menu). The pcANYWHERE terminal shouldthen be closed and the session ended.Note: If the FreeWave User Interface is not exited completely before the pcANYWHEREsession is ended the transceiver will remain in setup mode.(7) Point-to-Multipoint RepeaterSetting (7) allows the transceiver to operate as a repeater in a Multipoint network.Please refer to the next chapter, ’Multipoint Operation’, for more information on running aMultipoint network.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 12Multipoint OperationIn a Multipoint system a transceiver designated as a master is able to simultaneously bein communication with numerous slaves. In its simplest form, a Multipoint networkfunctions with the master broadcasting its messages to all slaves and slaves respondingto the master as appropriate.Traditionally, a Multipoint network is used in applications where data is collected frommany instruments and reported back to one central site. As such, the architecture ofsuch a system is completely different from point-to-point applications. The theoreticalmaximum number of slaves that can be configured into a Multipoint network is a functionof the data throughput needed from each of the slaves. For example, if the network willbe polling slaves once a day to retrieve sparse data, several hundred slaves could beconfigured to a single master. If, on the other hand, each slave will be transmitting dataat greater levels then fewer slaves may be connected to the master (the overall systemwill be closer to capacity with fewer slaves). The theoretical limit of a Multipoint systemis influenced by the following parameters:1.Size of the blocks of data. The longer the data blocks the greater the systemcapacity.2.RS232 baud rate.3.The amount of contention between slaves.4.Use of repeaters. A single repeater in a Multipoint network will decrease overallsystem capacity by 50%; more than one repeater does not further decreasenetwork capacity.Setting Multipoint ParametersIn a Multipoint network it is critical to know how many transceivers are being used asrepeaters. Any transceiver that is used as a repeater essentially becomes a master tothe slaves and other repeaters to which it is communicating. Therefore, the user mustfirst identify how many repeaters are connected to the master by assigning a value inparameter (0) Number Repeaters. This parameter must also be set for each repeater inthe system (i.e., in the event that a repeater is connected to one or more otherrepeaters). This parameter does not need to be set for Multipoint slaves.In point-to-point operation the FreeWave transceivers acknowledge every data packettransmitted. In a Multipoint network, transmissions from a master to the slaves are notacknowledged by the slaves. This is to prevent system overload. If the slavesacknowledged all data transmissions from the master in a large Multipoint system, thenall system capacity would be spent having the master listen for acknowledgments fromthe slaves. Because the transmission is not acknowledged by the slaves 100%confidence does not exist that every slave has received every message from the master.To address this issue the user may modify option (1) Master Packet Repeat, assigninga value between 0 (the packet is transmitted once) to 9 (the packet is repeated 9 times).

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 13For networks with solid RF links, this parameter would be set at the lower end of thescale (0-1). If the network has some weak or marginal links it would be set toward thehigher values. If a slave receives a packet from a master more than once it will discardthe repeated packets received.While packets transmitted from the master to the slaves in a Multipoint network are notacknowledged, packets transmitted from slaves to the master are. However, it ispossible that more than one slave will attempt to transmit to the master at the same time,and it is therefore important that a protocol exists to resolve contention for the masterbetween slaves. This is addressed through parameters (2) Max Slave Retry and (3)Retry Odds. The Max Slave Retry setting defines how many times (0 to 9) the slave willattempt to retransmit a packet to the master before beginning to use a back-offalgorithm. Once the slave has unsuccessfully attempted to transmit the packet thenumber of times specified in Max Slave Retry it will attempt to transmit to the master ona random basis. The Retry Odds parameter determines the probability that the slave willattempt to retransmit the packet to the master; a low setting will assign low odds to theslave attempting to transmit and conversely a high setting will assign high odds. Anexample of how this parameter might be used would be when considering two differentslaves in a Multipoint network, one close in with a strong RF link and the other far fromthe master with a weak link. It may be desirable to assign a higher Retry Odd to theslave with the weaker link to give it a better chance of competing with the closer slave forthe master’s attention.Another parameter in a Multipoint network is (4) DTR Connect. When set at 1 the slavewill connect to the master if it is free when the DTR line goes high on the 9 pin RS232connector. In setting 2 the transceiver will accumulate data in its buffer and transmit in aburst when the buffer is full. This mode is valuable when a network has many low datarate devices and it is desirable to increase overall network capacity. In setting 0 thetransceiver will transmit when RS232 data is received.The repeater’s hopping pattern must also be set in a Multipoint network; this isaccomplished with parameter (5) Repeater Frequency. Setting this parameter is incontrast with point-to-point mode where the repeater automatically uses the master’shopping pattern. The repeater may be programmed to either use the master’s hoppingpattern (selection 0) or its own (selection 1).

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 14Entering or Modifying numbers in the Call BookEntering or modifying serial numbers in the Call Book is a straightforward process.When in the Call Book menu enter the position number (0 - 9) you wish to edit. You willbe prompted for the new number (formatting is automatic, you do not need to enter thedash). Once the number is entered (unless it is 000-0000) you will be asked for thenumber for the repeaters to be used. If no repeaters are to be used then enter theescape key; your entry will be complete and you will be back in the Call Book menuscreen. If you enter a repeater number you will then be prompted for the number of thesecond repeater to use. If a second repeater is being used then enter the number at thistime, if not then enter the escape key. Once again the modem will retain your entries, asshown in the updated Call Book menu screen.Important: It is important that the Call Book slots (0 - 9) are filled sequentially beginningwith 0, the first slot in the book. Serial numbers do not need to be entered in numericalorder, however, there must not be any 000-0000 numbers in the middle of the list ofgood serial numbers. The reason for this is that when a master is instructed to Call Allavailable slaves it will call all slaves listed until it reaches the first phone number of 000-Figure 5: FreeWave CallBook Menu

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 180000. If a valid serial number is entered after the all zero number it will not berecognized as a valid number to call by the master.Programming The Call Book in Multipoint SystemsIn a Multipoint system the slaves and repeaters are not listed in the master’s Call Book.When establishing such a system, it is necessary only to have the master’s serialnumber in each slave’s and repeater’s Call Book, and to have each repeater’s serialnumber in the Call Book of each slave which may potentially communicate through it.The following example shows the Call Books of a multipoint system comprised of amaster, repeater, and slave in which the slave can communicate either through therepeater or directly to the master:Multipoint Master Call Book (Unit Serial Number 555-0001)EntryNumberRepeater1Repeater2(0)000-0000(1)000-0000No serial number entries are necessary in the master�s Call BookThe master�s Call Book may be programmed to call any entryMultipoint Repeater Call Book (Unit Serial Number 555-0002)EntryNumberRepeater1Repeater2(0)555-0001(1)000-0000Multipoint Slave Call Book (Unit Serial Number 555-0003)EntryNumberRepeater1Repeater2(0)555-0001(1)555-0002(2)000-0000

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 19Radio Transmission Parameters(3) Edit Radio Transmission CharacteristicsWhen item (3) is selected in the main menu the screen in figure 6 appears, which allowsthe user to modify the radio transmission characteristics of the Transceivers. As statedin the warning, these parameters are for the sophisticated user who has a goodunderstanding of the principles of radio data transmission. They should be changed onlyafter consulting this manual.It is important to note that the radio parameters between any Transceivers incommunication will be determined by the settings for the master (except when inMultipoint mode, see (4) RF Data Rate below). While the settings may be modified forthe slave(s) and/or repeaters, they will be overridden by the master’s parameters.Figure 6: FreeWave RadioParameters Menu

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 20(0) FreqKeySelection (0) in the Radio Parameters menu allows the user to modify the hoppingpatterns of the Transceivers to minimize the interference with other FreeWaveTransceivers in operation in the area. For instance, if there were 10 pairs of FreeWavetransceivers in operation within a factory or refinery, changing the Frequency Key wouldensure that they would not jump onto the same frequencies at the same time for thesame length of time.There are 15 choices available for the Frequency Key (0-9 and A-E). It is recommendedthat a list be maintained of the settings for each master to ensure that each is set to adifferent hopping pattern.(1) Max Packet Size and (2) Min Packet SizeSelections (1) and (2) allow the user to designate the size of the packets (in bytes) usedby the transceiver in its communication link. This may be of particular value when usingFreeWave with different communications software packages; you may find thatthroughput is optimized when packet sizes are restricted by the transceiver.Packet size is determined by a combination of the setting entered by the user and theRF Data Rate. In addition, the Max Packet Size is a function of the setting selected forthe Min Packet Size. Tables 5,6, and 7 provide the packet sizes for each differentcombination of settings.SettingMin Packet SizeRF Data Rate = 2SettingMin Packet SizeRF Data Rate = 301608121112226216332320437424542528648632753736858840964944Table 5: Min PacketSize Settings(Bytes)

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 21Max SettingMinSetting01234567890163248648096112128144160121375369851011171331491652264258749010612213815417033248648096112128144160176437536985101117133149165181542587490106122138154170186648648096112128144160176192753698510111713314916518119785874901061221381541701862029648096112128144160176192208Max SettingMinSetting01234567890824405672881041201361521122844607692108124140156216324864809611212814416032036526884100116132148164424405672881041201361521685284460769210812414015617263248648096112128144160176736526884100116132148164180840567288104120136152168184944607692108124140156172188Table 6: Max Packet Size Settings(Bytes)RF Data Rate=2Table 7: Max Packet Size Settings(Bytes)RF Data Rate=3

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 22(3) Xmit RateThere are two settings for the Transmit Rate parameter. For normal operationFreeWave should be set at Transmit Rate 1. Transmit Rate 0 is useful to qualitativelygauge signal strength. When set to Transmit Rate 0 the Transceivers will transmit databack and forth continuously, and the strength of the signal may be gauged by the Clearto Send LED. A solid red Clear to Send LED indicates a strong signal, the less the LEDis on the weaker the signal.Because the Transceivers transmit continuously when Transmit Rate is set to 0 (whetheror not they have data to send) they use radio frequency spectrum unnecessarily.Therefore, Transmit Rate 0 should be used only as a diagnostic tool and not for normaloperation.(4) RF Data RateFreeWave has two settings for the RF Data Rate (not to be confused with the RS232Baud Rate). Setting 2 should be used when the transceivers are close together anddata throughput is to be optimized. Setting 3 should be used when the transceivers arefarther away and a solid data link is preferred over data throughput.Note: When using the transceivers in Multipoint mode, the RF Data Rate setting mustbe identical for all units in the system. Any transceiver with a different RF DataRate than the master will not establish a communication link.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 23(5) RF Xmit PowerFreeWave offers users the ability to modify the Transmission Power of the Transceiver.By reducing the Transmission Power when appropriate, users can ensure theTransceivers do not overwhelm each other when used in close proximity. There are 10power settings available (0-9) which are roughly linear, therefore a setting of 9 is fullpower or 1 Watt and 0 is 10% power or 100 mW. The following guidelines should befollowed when setting the RF Transmission Power:(6) Slave SecurityWith option 6 the user may disable the transceiver�s security so it will accept a call fromany other FreeWave unit. The default setting is 0 where security is enforced (the caller�sserial number must be in the slave�s Call Book), with a setting of 1 security is disabled.As mentioned in mode 6, Slave Security must be set to one when the unit is operating ina point-to-point system where it may need to accept calls from more than 10 differentFreeWave Transceivers. However, it is important to note that when Slave Security is setto 1 the Transceiver will accept calls from any other FreeWave Transceiver, andadditional system security measures should be taken to prevent unauthorized access.(7) RTS to CTSMenu selection 7 in the Radio Parameters provides the option of allowing the RTS line(pin 7) on the Master modem to control the CTS line (pin 8) of the Slave. This pass-through control can be enabled in point-to-point mode as well as point-to-multipoint. Inthe latter the Master RTS line will control all Slaves� CTS lines. When this mode isenabled the CTS line ceases to function as flow control. Therefore it is notrecommended to enable this feature when operating at RS-232 speeds above 38.4 kB.To enable this mode, enter 7 in the Radio Parameters menu. An entry of 1 will enablethe RTS-CTS control, 0 will disable it.SettingPower LevelUsed When0 - 3LowPair or pairs of transceivers operating withinsame or adjoining rooms.4 - 6MediumMore than one pair of modems operatingwithin same facility.7 - 9FullNormal operation extending beyond a facility.Table 8: Power TransmitSettings

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 24Just before the time the Master is scheduled to transmit a packet, it will sense the stateof the RTS line. If the state has changed, the Master will then transmit a message to theSlave with the new status. This transmission will occur regardless of data to be sent ornot. In the former case the RTS status message will be sent in addition to the data. Inpoint-to-point mode the Master will continue sending the new status message until itreceives an acknowledgment from the Slave. In point-to-multipoint mode the Master willrepeat the message the number of times equal to the Master Packet Repeat number inthe Multipoint Setup menu.Because the Master transmit time is completely asynchronous to the occurrence of anychange of the RTS line, the latency time from RTS to CTS is variable. The maximumtime, however, is determined by the frequency of Master transmission times. Thisfrequency is determined by the Maximum Packet Size and Minimum Packet Sizeparameters in the Radio Parameter menu. Setting both parameters to their maximum of9 and 9 will produce a maximum latency time of approximately 25 mS. At theirminimum numbers the time will be approximately 10 mS. Please note that this latencycan go up significantly if packets are lost between the Master and Slave. In point-to-multipoint mode there can be no absolute guarantee that the state change will not becommunicated to all Slaves in the unlikely event that all repeated packets from themaster do not get through to all Slaves.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 25(4) Show Radio StatisticsOption (4) in the main menu allows the user to view data transmission statistics whichhave been gathered by the Transceiver during the most recent session. This is of valuewhen the user wishes to look at signal strength, noise levels, bytes transmitted, bytesreceived, and the distance of the link between transceivers. Statistics are gatheredduring each data link and are reset when the next link begins.Ideally, noise levels should be below 30, and the difference between the average signallevel and average noise level should be 15 or more. High noise levels tend to indicateother sources of RF interference, while low signal levels indicate a weak link. Theformer might be addressed through antenna placement or the use of filters or amplifiers(please call FreeWave Technologies for more information). The latter (a weak signal)might be addressed through better antenna placement on one or both ends, use ofhigher gain antennas, use of repeaters, or use of amplifiers.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 26FreeWave LocationPlacement of your FreeWave unit is likely to have a significant impact on itsperformance. In general the rule of thumb with FreeWave is that the higher theplacement of the antenna the better the communication link - height is everything! Inpractice you should also place the transceiver away from computers, telephones,answering machines, and other similar equipment. The included 6 foot RS232 cable willusually provide ample room for placement away from other equipment. To improve thedata link, FreeWave Technologies offers directional and omnidirectional antennas withcable lengths ranging from 10 to 100 feet.When using an external antenna, placement of that antenna is critical to a solid data link.Other antennas in close proximity are a potential source of interference; use the RadioStatistics to help identify potential problems. It is also possible that slight adjustments inantenna placement (as little as 2 feet) will solve noise problems. In extreme cases, suchas when the transceiver is located close to Pager or Cellular Telephone transmissiontowers, FreeWave offers a band pass filter to reduce the out of band noise.The standard enclosure for the DGR-115 does not provide protection against water orenvironmental hazards, and will fade when placed in direct sunlight. For outdoorapplications the DGR-115H should be used. The DGR-115H provides a weatherresistant enclosure, allowing placement of the Transceiver in more demandingenvironmental conditions. The DGR-115H requires the use of an external antenna.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 27FreeWave Front Panel LEDsThe LEDs on FreeWave’s front panel provide important information on the operation ofthe transceiver. Compare the status of a Transceiver’s LEDs with the table below to aidyou in the troubleshooting process.Point to Point CommunicationsMasterSlaveRepeaterConditionCDTRCTSCDTRCTSCDTRCTSPowered, disconnectedSRSRSRSROBRSROBRConnected, no repeater,sending sparse dataSGIFIFSGIFIFMaster calling slavethrough repeaterSRSDSRSROBRSROBRMaster connected torepeater, not to slaveFOSDSRSROFRSRSDSRRepeater connected toslaveSGIFIFSGIFIFSGIFIFMode 6, disconnectedSROBRSROBRSetup ModeSGSGSGSGSGSGSGSGSGTable 9: LED Status inPoint to PointLED:CDCarrier Detect LEDCTSClear to Send LEDTRTransmit LEDLegend:BRBlinking RedFOFlashing OrangeIFIntermittent Flash RedOOffSDSolid Red, DimSGSolid GreenSRSolid Red, Bright

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 28MultiPoint CommunicationsMasterSlaveRepeaterConditionCDTRCTSCDTRCTSCDTRCTSPowered, disconnectedSRSDOSROBRSROBRRepeater and slaveconnected to master, nodataSRSDOSGOSRSGSDSRRepeater and slaveconnected to master,sending dataSRSDIFSGIFSRSGSDSRTable 10: LED Status inMultipointLED:CDCarrier Detect LEDCTSClear to Send LEDTRTransmit LEDLegend:BRBlinking RedFOFlashing OrangeIFIntermittent Flash RedOOffSDSolid Red, DimSGSolid GreenSRSolid Red, Bright

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 29Using an External AntennaIn certain circumstances it may be desirable to extend the range of the FreeWaveTransceiver by using an external antenna in place of the standard whip antenna. TheTransceiver is equipped with a non-standard external jack allowing the use of adirectional Yagi or omnidirectional antenna. When using an external antenna the whipantenna must be removed.The use of an external antenna may radically improve the results obtained withFreeWave Transceivers. It is highly desirable to obtain line of sight with the antennas,and changes in placement height of as few as a couple of feet may make the differencebetween no link and one that is solid and reliable.Per FCC regulations, any antenna used with FreeWave must be provided by FreeWaveTechnologies. FreeWave Technologies offers a variety of omnidirectional anddirectional external antennas, with both bracket and magnetic mounts. These antennasallow versatility in FreeWave’s deployment, extending its range and allowing it to getaround obstructions. Please contact FreeWave Technologies if your applicationindicates the need for external antennas.WARNING: Any antennas placed outdoors must be properly grounded. Use extremecaution when installing antennas and follow all instructions included with the antennas.The use of external antennas subjects the transceiver to greater exposure to directlightning strikes.Long RS232 cable runs should also be avoided in areas with increased lightning activityor static electricity unless they are properly isolated from the transceiver. Nearbylightning strikes or elevated levels of static electricity may lead to voltage spikes on theline, causing failure in the transceiver�s RS232 interface.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 30RS232 Pin AssignmentsDGRO-115 PinoutPinAssignment1Carrier Detect2Transmit Data3Receive Data4DTR5Ground6Data Set Ready7RTS8Clear to Send9GroundTable 11: RS232 PinAssignmentsPinAssignment1B+ input2Interrupt (Ground to invokemenu)3DTR4GND5TXD6GND7RXD8CD9RTS10CTS

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 31Data Communications SettingsThe device to which FreeWave is connected should be configured to match the settingsshown in Table 11.ParameterSettingBaud RateMatch to FreeWaveData Bits8ParityNoneStop Bits1Parity CheckNone / OffCarrier DetectNone / OffFlow ControlRTS/CTS / HardwareConnection Started byCarrier DetectConnection Ended byCarrier DetectDTR SignalAlways OnRTS SignalAlways OnTable 12: Data CommunicationSettings

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 32Establishing Data Communication Links with FreeWaveFreeWave’s versatility allows data communication links to be established using a varietyof different configurations. This, in turn, makes it possible to extend the range ofFreeWave and get around obstacles.Diagram (A) shows the most common and straightforward link, a master communicatingto a slave in a dedicated link.

MasterSlave

(A)Diagram (B) depicts how a link might be set up using a repeater. The repeater may besitting on a hilltop or other elevated structure to link the master to the slave. In thissetup it may be desirable to use an external omnidirectional antenna on the repeater; toextend the range Yagi antennas could be used on either or both of the master andslave.When a repeater is used the RF speed is cut in half, making 115 KBaud uncompressedthroughput unachievable. The baud rate, however, may still be set at 115200.Repeater

SlaveMaster (B)

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 33Diagram (C) shows a link with two repeaters between the master and slave. With tworepeaters there is clearly more flexibility in getting around obstacles and greater totalrange is possible. Once again, it would be desirable to use external omnidirectionalantennas with the repeaters, and attaching a Yagi to the master and slave wouldincrease the range of the link.When two repeaters are used there is no further degradation in the RF speed of the link.

MasterRepeater

RepeaterSlave

(C)In example (D) a setup is shown where a master routinely calls a number of slaves atdifferent times. The master is communicating with a transceiver designated as aslave/repeater which is connected to a remote instrument in the field. Since thisinstrument is placed in an elevated location, the transceiver may also be used as arepeater when it is not used as a slave. At any time desirable the master may call anyof the slaves, establish a connection, and retrieve and send data.Slave / Repeater

SlaveMasterSlave

RepeaterSlave(D)

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 34

SlaveMasterSlave

SlaveMultipointRepeater(E)Example (E) depicts a standard point-to-multipoint system. In this example any datasent from the master is broadcast to all three slaves, one of which receives it through amultipoint repeater. The data is in turn sent out of the RS232 port of each of the threeslaves.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 35FreeWave Technical SpecificationsRange*20 milesRS232 Data Throughput(uncompressed)**1200 Baud - 115.2 KBaudRS232 InterfaceAsynchronous, full duplexSystem Gain140 dBMinimum ReceiverDecode Level-110 dBm @10-4 raw BER-108 dBm @10-6 raw BEROperating Frequency902 - 928 MHzModulation TypeSpread Spectrum, GFSKSpreading CodeFrequency HoppingHop Patterns15 (user selectable)Output Power1 Watt (+30 dBm)Error Detection32 Bit CRC with packet retransmitAntenna3 inch whip provided (DGR-115model). Non-standard SMAconnector allows use of externaldirectional or omnidirectionalantennas.Power Requirements• 10.5 - 18.0 VDC• Center Pin Positive• AC Wall Adapter Provided• May also be powered throughPin6 of DB9 connector.Power Consumption600 mA Transmit100 mA Receive180 mA AverageConnectorRS232 9 pin female. 9 pin male to 9pin female straight through cableprovided.Unit AddressUnique, factory setOperating Modes• Point-to-Point• Point-to-Multipoint• Store and Forward RepeaterOperating Environment-40� - +75�CFCC IdentifierKNY-DGR-115DOC (Canada) Identifier2329 101 340A* Line of sight distance using supplied whip antennas** Throughput measured assuming 75% frequency availabilityDGR-115DGR-115HEnclosurePlasticMilled AluminumDimensions41mmH x 99mmW x 188mmL28mmH x 102mmW x 205mmLWeight340 grams560 grams

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 36Troubleshooting"I am using FreeWave to communicate between two PCs. I am usingpcANYWHERE, which is set to direct connection. Both pcANYWHERE and themodem are set to 115.2 KBaud, yet throughput is considerably lower."The communication link between two computers may be slowed considerably bythe UART used in the serial port of one or both computers. If you suspect that theserial port on the computer will not support high speed communications, then tryreducing the baud rate for that end of the connection (both on the computer andthe Transceiver) to see if throughput improves."I have two transceivers, one configured as a master and the other as a slave.When they are plugged in, the LEDs indicate they are receiving power, and yetthey will not connect. Why not?"There are several reasons why this may occur:•The Transceivers are running at full power and are too close to each other. Ifthe Transceivers are within 5-10 feet of each other and will not link try eitherreducing the RF power to 0 on each or moving one unit to another room. (Thisproblem occurred on the initial generation of product with the 555 serialnumber prefix. It has been addressed in transceivers with serial numbers 556and higher.)•The Transceivers are not in each other’s Call Books.•The number of the slave is in the master’s Call Book, but the master’s menu isnot set to call that number.•There are several phone numbers in the Call Book, the master is set to CallAll, and is connecting with another transceiver in the list first.•The master is set to Call All and the phone number of the Transceiver withwhich you are trying to communicate is preceded by a setting of 000-0000."I am able to link to a remote unit within line of sight when the Transceiver I haveis outside. However, as soon as I walk inside with it I lose the link, even if I placethe Transceiver by the window which faces the remote unit."Many modern buildings use energy efficient glass which wreaks havoc on RFsignals. This glass contains a metal film which is very effective in blocking allradio waves. If your situation is as described above the preferable solution is toinstall an antenna outdoors.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 37"I have several transceivers set up to communicate with each other in a point-to-multipoint mode, yet they are not establishing contact.�In a Multipoint system there are two critical parameters which must be setcorrectly to establish a communications link:1.The slave’s Call Book must contain the serial number of the master and/orrepeaters to which it will be communicating.2.All radios must be set to run at the same RF data rate. Unlike point-to-pointsystems, slaves in a Multipoint system do not change their RF data rate tomatch the master’s rate."In bench testing several units in a Multipoint system, it appears that they are notcommunicating through the Multipoint repeater. When all units are powered theslaves’ Carrier Detect lights are green, indicating a connection, yet when I unplugthe repeater those slaves set up to communicate through that repeater remainconnected."In a Multipoint system a slave will attempt to communicate with any master orrepeater (which looks like a master in a Multipoint system) that is in its Call Book.Therefore, it may be that the slaves are communicating with the repeater when itis powered, and when it is unplugged they are establishing a link with the master.To test whether or not this is what is occurring go into the Call Book of the slaveswhich are set up to communicate through the repeater and remove the master’sserial number. When all units are powered the slaves� Carrier Detect lights shouldbe green, when the repeater is unplugged the slaves should lose contact andCarrier Detect should turn red."My transceivers have established a solid connection as indicated by the LEDs,yet the application I am running is not transmitting and/or receiving data correctly."The quickest acid test in a situation like this is to try to get the application up andrunning using an RS232 null modem cable before deploying FreeWave in thefield. FreeWave essentially functions as a null modem cable. If the applicationwill not work with a hard wire connection then it will not work with FreeWave, andthe problem lies within the application or other hardware (such as the computerserial ports).

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 38"I have used FreeWave with several different PCs and portables in very similarsettings, yet I have noticed that the Transceivers range is reduced considerablywhen I am using certain computers. Why is this?"It is possible that certain laptop and desktop computers that you are using emitinterference which is detrimental to FreeWave’s operation. Try moving FreeWaveas far away from the computer as the connecting cable allows, this should reducethe impact of interference from the computer."After using the setup menu my FreeWave transceivers are not establishing asolid link, and/or I am getting garbage."At times the FreeWave setup software will not fully disengage when the escapekey is used to exit the menu. Try to re-establish a link by unplugging the powermodule of the Transceiver (the AC power end) which was in setup mode, thenplug it back in. It would also be a good idea to check the baud rates of theTransceiver and the instrument to which it is connected to ensure they are thesame."I have FreeWave set up between two computers and have been unsuccessful inmy attempts to establish a link using LapLink."At various times difficulty using FreeWave with LapLink has been documented byFreeWave Technologies. The cause, while not confirmed, is believed to be due toLapLink changing baud rates, which FreeWave does not support. If youencounter this problem it is recommended that you test the link with a terminalprogram such as Windows Terminal or Procomm. If either of these applications isused and characters typed on one computer appear on the screen of the othercomputer in the link, then the transceivers are functioning properly.

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 39Notes:

FreeWave TechnologiesDGR-115 / 115H User ManualV3.71Page 40Notes: