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1 Overview of User Interface and Operating Software 

The system software for the Local and Remote Antenna Control Units (ACU) consists of the Windows based 

operating system (Windows 7.0 or greater) and the ACU control program, additional drivers necessary for the 

correct operation of the ACUôs Single Board Computer (SBC), and add in cards for specific system functions 

(Figure 1). 

All instructions in this document refer to the local and remote ACUs unless otherwise indicated. 

 

 

Figure 1: Windows 7 Professional Desktop System Information Screen 

 

1.1 ACU Software 

The ACU automatically starts the Graphical User Interface (GUI), however, it is also possible to start the GUI by 

clicking on the ACU icon (small antenna) located on the left-hand side of the Windows desktop (Figure 2). The 

Local ACU software version and the Remote version of the software are similar. The local ACU is the controller 

directly connected to the pedestal/antenna system, while the remote ACU is usually at a location removed from the 

local controller. The remote unit can be a portable PC running Windows 7 or greater, a laptop, tablet, or another 

Quasonix ACU. 

Upon ACU power up, the Windows desktop is briefly displayed, then the ACU automatically starts the Quasonix 

ACU Front Panel GUI. The GUI display is composed of separate feedback and control widgets separated into 

specific operational areas on the touch screen display. The GUI provides the operator with all axis control, system 

axis angle feedback, receiver signal level displays, and tracking information. The local ACU GUI (the ACU that is 

connected directly to the antenna pedestal system) front panel screen is shown in Figure 3. The remote ACU screen 

is similar. 
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Figure 2: Windows Desktop ACU Boot Icon 

 

 

Figure 3: Quasonix ACU Front Panel Display with Numbered Components 
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The ACU Front Panel Display is separated into ten control areas, as shown in Figure 3. The functions of each 

control area are described below. 

1. Elevation axis angle feedback display containing both analog and digital position display readouts, as well 

as, the up and down, soft and hard (electrical) Limit indicators (lower red LEDs). The orange pointer is the 

commanded position and the blue pointer is the actual pointing position of the EL axis. 

2. Tracking Error meter display with AZ and EL track error numeric readouts and the target center ñmeatballò 

3. Azimuth axis angle feedback display containing analog and digital position display readouts, the (optional) 

user selectable cable wrap meter (CWM) ï slider and the CW and CCW Soft and hard (electrical) limit 

indicators (lower red LEDs) 

4. System Control contains the user accessible buttons needed for system functions, such as Feed (On/Off) 

(scanner power) and LNA (On-Off). Additional buttons for various system functions may be added or 

removed, as required. 

5. AGC signal meter display shows four receiver signal ribbon meters (LHCP, RHCP, RX3, and RX4), as 

well as the automatic receiver selection button (Auto Rx) and Multipath Clipping control button (MPC) 

6. Axis Control with separate AZ and EL axis manual control buttons and their associated Multi-Display 

Window selection hot buttons (Gear icons); the last hot button (available with a stabilized system) activates 

a Stabilization Multi-Display Window 

7. Handwheel Settings OR Multi-Display Window for hot button (Gear icon) user activated parameter/setting 

and information display options (window changes depending on the parameter selected) 

8. Elevation (axis) Input Control for the three EL axis manual control input options: Hand Wheel Position, 

Hand Wheel Velocity, and Joystick Velocity 

9. Azimuth (axis) Input Control for the three AZ axis manual control input options: Hand Wheel Position, 

Hand Wheel Velocity, and Joystick Velocity 

10. ACU Tool Bar with imbedded, selectable icons (left), a date/time display, and an Exit icon (right) 

1.2 ACU Software Configured for a Non-tracking (Pointing) System 

The Quasonix software allows changes to the front panel control areas to configure the GUI for a non-tracking 

system. These changes are factory set in the Advanced Menu (accessed via the Settings icon on the Tool bar). 

However, the settings are password protected and cannot be accessed by the ACU operator. 

The functions of the control areas in the non-tracking ACU are identical to the tracking ACU minus the devices 

(menus, parameters, and components) needed for an auto-tracking system, as shown in Figure 4. Components 

common to the tracking and non-tracking systems are unchanged, including operation of front panel buttons. 
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Figure 4: Quasonix ACU Front Panel Configured for Non-Tracking (Pointing) System 
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2 Graphical User Interface (GUI) 

The Graphical User Interface Screen (ACU front panel touch screen display) presents the operator with the controls 

and feedback necessary to operate the Quasonix Auto-tracking Antenna System. 

In addition, the GUI provides icon driven, selectable menu optionsðLogger, Settings, Tools, Help, and Remote 

Controlðwhich allow the operator to update, change, and save all operational parameters controlling the antenna 

system, tracking, location, axis operation, and operator enhancement functions of the ACU. The GUI is subdivided 

into basic control and feedback on-screen windows. The Tool bar at the bottom of the screen contains all of the icon 

driven set up, testing, and control functions available to the operator. The front panel contains the operational 

selection buttons, as well as the display feedback readouts and indicators. 

The GUI consists of the following basic elements located on screen or within selectable windows, accessed via hot 

button (Gear) icons. These items are common to both the Local and Remote GUI. 

¶ AZ and EL axis position display dials with analog pointer and digital readout 

¶ Feed Selection Controls, Hi Gain (Hi-G) and Omni/ACQAID selection control buttons, if present 

¶ Feed polarization LHCP/RHCP control buttons, if present 

¶ Feed Scanner and LNA control 

¶ Servo, AZ, and EL axis control selection buttons with available hand wheel rate and position modes, as 

well as Joystick selection mode 

¶ Status icon (on the Tool bar) for the notification of Interlock and Fault indicators and launching the 

faults/interlocks presentation menu 

¶ Local/Remote icon (Antenna button on the Tool bar) for control selection and handoff 

¶ Search menu and control 

¶ Program Designates menu and selection control 

¶ AZ and EL Immediate Designate windows and control 

¶ Elevation limit indicators for software and electrical (hard) up and down limits 

¶ Azimuth limit indicators for software and hardware CW and CCW limits, if present 

¶ Date and time digital display 

¶ Settings icon (Gear button) for ACU Test, Calibrate, and Control system parameters 

¶ Tools icon (Crossed Hammer Wrench button) for system Test and Information routines 

¶ Help icon (Question mark button) for system Help information 

¶ Tracking control and Error Meter information display 

¶ Receiver signal level display and signal parameter control 

2.1 Analog Axis (AZ and EL) Position Display Dials 

The Azimuth (AZ) and Elevation (EL) axis analog position feedback dial, shown in Figure 5, has two pointing 

devices: the red pointer (1) represents the pedestal axis commanded or desired angle and the orange pointer shows 

the current position of the axis. Upon initialization of the ACU GUI, both arrows should be collocated, with the red 

Pointer in the foreground. As the user commands the pedestal in AZ and/or EL, the orange arrow is visible until the 

pedestal has reached its commanded position goal where the orange arrow is covered by the red commanded 
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position pointer. To summarize, the orange pointer indicates the actual position of the axis, while the red pointer 

indicates the user commanded or desired position of the pedestal axes. 

 

 

Figure 5: Elevation Axis Analog/Digital Position Feedback Display 

 

1. Elevation Axis analog display dial shows the orange commanded position pointer (at 90°), the blue actual 

position pointer (at 34.2°), and the external green Slave position pointer (at 63°) 

2. Elevation down soft limit indicator LED (yellow) and the down electrical limit indicator LED (red); 

Azimuth is similar with both soft and electrical (CW and CCW limits)ðLEDs Off in this example 

3. Actual axis position digital display readout (described in the next section) 

4. Commanded axis position digital display readout (described in the next section) 

5. Slave position pigtail display readout (described in the next section) 

6. Elevation up soft limit indicator LED (yellow) and the up electrical limit indicator LED (red); LEDs Off in 

this example 

2.2 Digital Axis (EL and AZ) Position Display 

The three lower digital display readouts show the two digit accuracy of the Commanded (orange) (3), Actual (blue) 

(4), and Slave (green) (5) AZ and EL position of the pedestal axes. Irrespective of the axis mode of operation, the 

received (incoming) ñrawò slave data is always displayed in the Slave position window. When there is no slave 

angle data available, the slave digit field displays dashes (ñ---.---ò).  When slave data is present, the axis slews to the 

indicated slave angle when the axis SLAVE button is selected. The operator should always visually check the slave 

angle readouts to determine whether the displayed angles make sense for the mission before selecting the axis 

SLAVE (button) function. 

When the axis SLAVE button(s) are selected, the antenna immediately slews to the angles displayed in the digital 

Slave position readout box (green) in the lower right-hand corner of the AZ and/or EL axis angle display. In 

addition, the green pointer reports the present axis position (AZ and/or EL) of the received slave pointing data. 
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The Azimuth axis analog angle display dial with the digital readouts lined up below is shown in Figure 6. The 

orange pointer represents the commanded position, while the blue pointer shows the actual axis position. 

 

 

Figure 6: Azimuth Axis Analog/Digital Position Feedback Display 

 

1. Azimuth (AZ) axis analog display dial with the orange Commanded position pointer at (0.0°) and the blue 

Actual position pointer at (54.2°) 

2. CCW AZ soft limit indicator LED (yellow) and the CCW Electrical limit indicator LED (red)ðLEDs Off 

in this example 

3. Actual axis position digital display readout (blue readout) 

4. Note: With the Cable Wrap Meter selected, the digital readouts display + and ï position from 0.0 (zero). 

5. Commanded axis position digital display readout (orange readout) 

6. Note: With the Cable Wrap Meter selected, the digital readouts display + and ï position from 0.0 (zero). 

7. Slave position digital display readout (green readout) 

8. AZ CW soft limit indicator LED (yellow) and the CW Electrical limit indicator LED (red)ðLEDs Off in 

this example 

9. Azimuth (optional) Cable Wrap Meter (CWM) showing the pointer located at the CCW maximum 

positionðnear the CCW limits 

The CWM can be turned On and Off by selecting the Settings > Advanced > Cable Wrap Tab and 

checking the ENABLE box. The CWM is used when a system does not contain a slip ring but has cables 

running between the upper Elevation section and the lower Azimuth rotating section. Constant AZ motion 

would eventually twist the cables until they fail. The CWM lets the operator know where in the cable twist 

(wrap) the AZ axis is located and prevents the axis from moving past a selected maximum and minimum 

angular position (AZ limits). When the pointer is centered in the meter, that location indicates the middle of 

the cable twist (loose cables) and shows the operator full AZ cable wrap is available to both the CW and 

CCW directions. 
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2.3 Power Command Button-Servo On/Off 

The SERVO (On/Off) or power command button is located at the center bottom of the Axis Control window, as 

shown in Figure 3, numbered item 6. Select the button to provide power to the AZ and EL axis servo control 

modules located within the servo power assembly. Depending on the state of the critical interlocks, the user may or 

may not turn the servos On. The system interlocks are: 

¶ Run - Safe Switch 

¶ Stow Pin 

¶ Local Control 

¶ Shorting Plug (located at the servo amplifier assembly box) 

When an interlock or fault is present, the Status icon (located on the Tool bar at the bottom of the screen) displays a 

red ID number above the icon, indicating that an interlock or fault condition has occurred. The SERVO command 

button is disabled (and displays red) until the interlock or fault is cleared or is no longer present. The servo power to 

the pedestal is not available until the critical fault or interlock is removed and the Status Indicator is clear. 

 

 

 

 

Figure 7: Servo Button Modes 

 

¶ Red indicates the servos are in the Off state and may be disabled by an interlock or fault condition reported 

by the Status icon on the ACU Tool bar 

¶ Yellow indicates the servo control is selected and is in alarm transition 

¶ Green indicates the servo power is applied and there are no active faults or interlocks present 

Figure 8 illustrates the ACU Tool bar, showing the six (6) control, settings, and information icons, with the Status 

icon reporting one (1) fault. The fault can be further diagnosed by selecting/touching the Status icon. The Status icon 

launches the Faults/Interlocks reporting page. The green antenna icon indicates that this ACU is in control of the 

antennal/pedestal system. 

 

 

Figure 8: ACU Tool Bar Control Settings and Information Icons 
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When no interlocks are present, servos may be energized by selecting the red SERVO button. The servos are 

powered On only after a user pre-defined transition wait time is passed. During the transition time, an alarm at the 

pedestal sounds to alert any personnel working on or close to the pedestal of possible immediate motion. 

On the ACU user interface, this transition time is indicated by a Yellow SERVO button and an alarm or warning 

horn which sounds at the pedestal to warn of imminent system movement. 

After the transition time, the power is applied to the servos and the servo command button changes to green. Only at 

this moment does the user have access to the Azimuth and Elevation axis mode control buttons. 

When the servo is in the Off state or the transition state, the axis mode control buttons are all disabled and display 

ñgreyed out.ò The transition time is selectable from 1 to a maximum of 65 seconds and is controlled by clicking on 

the Settings icon on the Tool bar and then selecting the Transition Alarm button. 

Figure 9 illustrates the GUI with the system servos enabled (Servo buttons are green), each axis in manual, the 

motor brakes disengaged, and both axes servos enabled. The feed (scanner) and LNA (RF amplifiers) are On, as 

indicated by the green Feed and Sys LNA On buttons in the System Control window. In addition, the frequency 

switch has S-band selected. The AGC window, ribbon Signal Level meters indicate that received signals are present 

on both receiver channels (LHCP and RHCP show 48.0 dB). This system has stability hardware installed. Stability 

is enabled as indicated by the green Stability On button, as the illuminated green LED next to the STAB button. The 

Stability option is enabled via the Settings > Advanced menu. 

Note: The user is the Administrator, indicating that operator/administrator (Quasonix), is logged into the ACU at 

this moment and is the System Administrator. 

 

 

Figure 9: Quasonix ACU Front Panel Display, Stability Enabled 
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2.4 Modes of Operation 

There are seven (7) possible modes of Azimuth and Elevation axis operations: 

¶ Standby 

¶ Manual 

¶ Slave 

¶ Search 

¶ Acquire 

¶ Track 

¶ Stabilization Control (if system is equipped) 

The system can be placed in these modes independently for each axis (for example, the Azimuth axis can be in Slave 

mode while the Elevation axis is in Search or Manual mode). The user has the option of changing the mode of 

operation for an axis basis or applying a mode change to both axes simultaneously by clicking on the center 

command buttons, denoted by the double arrows shown in the Both column in Figure 10. 

The Axis Control section, shown in Figure 10, shows the available independent axis control modes, the servo On-

Off button, and the (right hand side) Gear Icon (hot buttons) used for immediate display of the linked control and 

parameter input windows. When activated, those windows display directly to the right of Axis Control. 

 

 

Figure 10: Axis Control Buttons 

 

1. The SERVO button commands power to both the AZ and EL servo amplifiers located within the servo 

enclosure. Red indicates that servos are Off or are locked out. Yellow indicates the transition alarm period. 

Green indicates that servo power has been supplied to both servos. 

2. Azimuth and Elevation independent axes STANDBY buttons: A red button indicates that the axis motor 

brakes are engaged and the axis servo amplifier is disabled. When the axis MANUAL button is selected 
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and green, the axis STANDBY button displays grey. The axis motor brakes are released and the axis servo 

is enabled and waiting for manual control input. 

3. Azimuth and Elevation independent axis MANUAL enable buttons: When selected, the button displays 

green indicating that the axis is ready for manual input commands. 

4. Azimuth and Elevation independent SLAVE enable buttons: When selected, (green), the axis responds to 

slave angle inputs from an outside source. The Slave angles are displayed in the digital Slave readout field 

below the AZ and EL analog position dials. 

5. Azimuth and Elevation independent SEARCH buttons: When selected, (green) the axis responds to a pre-

determined search sequence. The axis search parameters are accessed by selecting the Gear icon hot button 

located to the right of the Search buttons. 

6. Azimuth and Elevation independent ACQUIRE buttons: When selected, (yellow) the axis automatically 

switches to TRACK when a pre-set signal level is reached. This threshold value setting is available for each 

receiver shown in the AGC display area. When the threshold level is reached, the Acquire button displays 

light green and auto track is enabled (Track turns solid green). 

7. Azimuth and Elevation independent TRACK buttons: When selected, (green) the axis is forced to auto 

track the received signal without regard to quality or signal level. 

8. Azimuth and Elevation dual selection (Both) arrow buttons: When the button is selected, both the Azimuth 

and Elevation axis control selection are enabled at the same time. 

9. Gear icon (hot buttons): When selected, an independent window opens to the right of the Axis Control 

window. The new window contains additional user available control options, input parameter areas, and 

informational screens associated with the specific manual control button to the left of the Gear icon. 

10. Stabilization button: When selected, an independent window (Stabilization) opens to the right of the Axis 

Control window. Stabilization provides an On/Off switch and displays stabilization parameters. When the 

switch is On, the LED at the bottom of the Axis Control window is green. This means stabilization is 

active, even when the Stabilization window is closed or a different function window displays. 

This option is only available if the system is equipped with the stabilization feature. 

2.4.1 Standby Mode 

In the active Standby mode (denoted by a red Standby manual command button), the servos are energized but 

disabled; also, the brakes are engaged. When released from Standby (servos enabled and motor brakes disengaged), 

the STANDBY button turns grey. When the servo power is Off, the AZ and EL STANDBY mode command buttons 

are both red and all other modes are inaccessible (denoted by grey manual control buttons). If a critical interlock is 

sensed, the ACU software automatically forces the mode of operation to the Standby mode until the interlock fault is 

cleared or removed. These options are active in both the Local and the Remote ACU GUI. 

In Figure 11, the SERVO power button is selected and is green indicating that power has been successfully applied 

to both the AZ and EL axis servo amplifiers and that NO interlocks or faults have been detected (so far). Each axis is 

in Standby, indicating that the system motor brakes are applied and that each axis servo amplifier is disabled. The 

system is ready for operation and each axis can be moved when the AZ and/or EL axis manual buttons are selected 

(MANUAL is green). 

 

 

Figure 11: Servo On with AZ and EL Axes in Standby 
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2.4.2 Manual Mode 

In the Manual mode (denoted by a green AZ/EL MANUAL command button), the servos are energized and enabled 

with the motor brakes released. The servos ñstation keepò the pedestal at the present prescribed position until 

commanded to move by the operator, as shown in Figure 12. The user has the option of positioning the pedestal 

through the following manual input options: 

¶ Hand Wheel Position mode and Hand Wheel Velocity (continuous) mode 

¶ Joystick Velocity mode if a joystick is attached to the rear USB port(s) 

¶ Command entry (Immediate Designate mode) 

¶ Pre-Programmed coordinates (Programmed Designate including Sun Designate and Stow) 

In Figure 12, the AZ and EL MANUAL buttons are selected within the Axis Control window. The Gear icon hot 

button located directly to the right of the MANUAL buttons is also selected. The Gear icon opens the Handwheel 

Settings window directly to the right of the Axis Control window. AZ and EL current hand wheel motion parameters 

display and the hand wheel acceleration control parameter (Accel Limit % Max Accel) can be adjusted via the slider 

bar or Up/Down arrows. The acceleration control input selection applies equally to both the Azimuth and Elevation 

axes. 

The slider (or Up/Down arrow entry) limits the applied acceleration from 10 to 100 percent of the assigned 

maximum acceleration parameter for both the Azimuth and Elevation axes. By adjusting the slider, the operator can 

tone down or increase the applied hand wheel acceleration settings available to and stored on the local ACU. This 

setting helps to smooth out the manual hand wheel control for each axis, depending on the servo mechanical 

components of the system. 

When under remote control, from a device such as a laptop or similar device, each pedestal axis (both AZ and EL) 

can be moved by selecting the keyboard Up and Down arrows (for Elevation motion) and the right and left arrows 

(for Azimuth motion). 

 

 

Figure 12: Manual Axis Control with Two Axis Manual Selected and Handwheel Settings Window Open 
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Figure 13 shows the manual input control buttons for the Azimuth and Elevation axes: Hand Wheel input mode 

buttons (Position and continuous or Velocity ï rate mode) and the Joystick Velocity selection button. When no 

joystick is attached, the button remains greyed out. 

 

 

 

Figure 13: Azimuth and Elevation Input Control Hand Wheel and Joystick Selection Buttons 

 

Hand wheel sensitivity may be adjusted by selecting the Settings icon on the Tool bar and then selecting the desired 

Hand Wheel button. Joystick motion polarity may be adjusted by selecting the Settings icon and then touching the 

Joystick button. 

When using a Remote ACU, if a joystick is attached to the remote laptop or similar device, the Settings icon > 

JOYSTICK buttons must be selected and the Joystick Settings menu opened and enabled (check box checked). The 

Joystick type (Windows recognized) should be selected from the pull down (Name) menu. Additional joystick 

operational parameters are selected and saved in this menu. 

While in manual mode, the user can select the DESIGNATE button (at the top of the Axis Control window) to enter 

an Azimuth or Elevation axis commanded angle (Immediate Designate) by clicking on or touching the AZ and/or 

EL command entry Up/Down arrows, located just above the program designates list, as shown in Figure 14. The 

software keypad displays enabling the operator to enter the desired angle, which displays in the AZ or EL 

commanded entry field. Selecting the GO button sends the axis to the desired (entered) position. 

The DESIGNATE button is active only when the Azimuth and/or Elevation MANUAL buttons are selected and are 

green. The Immediate Designate window supersedes the Axis Control window when the DESIGNATE button is 

selected. The functions of immediate designate and program designate are co-located within this window. 

 

 

Figure 14: Immediate Designate Window 
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The antenna can also be positioned by selecting the user defined, pre-programmed coordinates available on the 

panel, just below the Immediate Designate scroll arrows. Highlighting the desired (saved) coordinates and then 

selecting the GO button slews the antenna to the highlighted saved location(s). The programmed designates also 

include the factory default SUN designate and STOW position headings. The programmed designates are user 

definable and can be updated by the operator by selecting the Settings icon on the Tool bar and then touching the 

DESIGNATES button to open the Immediate Designates window where the pre-programmed coordinates are added, 

edited, or removed. 

The STOW position, on the first line of the designate list, is preset at the factory to keep the AZ and EL axes aligned 

to the stow pin receptacle (locking) position, which is not affected by Azimuth or Elevation axis offsets (such as the 

True North setting). With a stabilized system, selecting the STOW designate, when stability is enabled, generates a 

stow warning message, as shown in Figure 15. Stability must be turned Off before the system will move to the stow 

position. 

 

 

Figure 15: Stow Warning Message When Stability Enabled 

 

The SUN designate is also a pre-programmed computed location, which is automatically updated based on the 

current system time and Earth location. When SUN is selected, the pedestal axes slews the antenna to point at the 

current sun position in the sky. 

2.4.3 Slave Mode 

In Slave mode, the pedestal is positioned by data received through an external Ethernet link, a Serial connection, or 

an internal, saved, preset burn file. Usually the received data is generated from a client processor, another tracking 

system, or GPS data. The Slave position data is visible in the AZ and/or EL Slave digital position readout field just 

below the analog position readout dial. When the operator selects the SLAVE button(s) within the Axis Control 

window, as shown in Figure 16, the selected axis slews to the displayed slave angles. The recommended received 

data updates should be at a minimum of 100 ms to ensure smooth AZ and EL axes operations and proper pointing 

accuracy. The ACU GUI continuously updates slave angle information in the AZ and EL digital position display 

fields as long as the slave data is available, regardless of the mode the system is in. When slave data is no longer 

available, the ACU front panel displays dashes (ñ---.---ò) in the individual axis Slave angle digital position display 

field. 

In addition to the manual selection of the slave axis, via the Axis Control window, the user can open the Slave 

Settings window, by selecting the Gear icon hot button, located directly to the right of the axis SLAVE buttons. 

Selecting the icon opens the Slave Settings window to the right of the Axis Control window. Various slave 

parameters and protocols are displayed (if available) in the Slave Settings window for operator selection. The Slave 

Settings window also displays a drop down menu of all active slave sources available to the ACU, as well as 

START and STOP buttons to accept or stop the slave data. 

Slave control is available in the Local and Remote modes of ACU control. 
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Note: The operator should always check the displayed AZ and EL Slave angles before selecting the AZ / EL 

axis SLAVE buttons to ensure that they are not out of bounds for the system limits. 

In Figure 16, the AZ and EL SLAVE buttons are selected within the Axis Control window and the Gear icon hot 

button, located directly to the right of the SLAVE buttons, is selected. The Gear icon opened a Slave Settings 

window to the right of the Axis Control window. Active Slave sources can be selected from the Slave Settings 

Active Slave drop down menu and started or stopped by the operator. 

 

 

Figure 16: Axis Control and Slave Settings Windows 

 

2.4.4 Search Mode 

In Search mode the brakes are released and the ACU has axis control of the search width and search rate. Each axis 

can be selected to search independently or in unison. There are two ways to search in unison, either in a box spiral or 

a raster scan pre-programmed motion. The ACU can be set to search within a particular angular width and rate. The 

search operation is available in the Local and Remote ACU control modes. 

The search width (in degrees) and search rate (in degrees per second) parameters can be updated from the Search 

Settings window, shown in Figure 17, which is accessed by selecting the Gear icon, located to the right of the Axis 

Control manual SEARCH buttons. All search parameters are located within the Search Settings window. All search 

parameters settings are entered into the desired field via the pop-up keypad or by selecting the Up and Down arrows 

for incremental numerical input. 
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Figure 17: Axis Control and Search Settings Windows 

 

In Figure 17, the AZ and EL SEARCH buttons and Gear icon are selected in the Axis Control window. When the 

Search Settings window opens, search parameters can be selected and entered using the Up/Down arrows in the 

associated fields. The operator can select and control the search width, the search speed per axis, the number of steps 

associated with the search, and the desired two axes, pre-programmed Search type (Raster and Box Spiral). 

Operator inputs include: 

¶ One/two axis RANGE - Width of the search window equidistant from a center position 

¶ One/two axis RATE - Angular speed of the axis 

¶ One/two axis STEP - Number of desired steps within the axis search window 

¶ Two axis search TYPE - Box Spiral or Raster Scan; when a two axis search is selected (both manual Search 

buttons selected and active) 

 

Care should be taken when searching in low elevation angles, as the system can reach the lower 
limits during a low search operation. 

 

2.4.5 Acquire Mode 

In Acquire mode, the brakes are released, the servos are enabled, the operator has selected the MANUAL mode 

buttons in each axis (MANUAL buttons are green) and has selected the ACQUIRE buttons. The operator may 

attempt to find the radiating source by slewing the antenna to point at different locations (or select a desired search 

pattern). 

If the signal level of the selected receiver climbs above the set threshold of the selected receiver, the ACU 

automatically switches to Track mode (TRACK buttons display green) and begin to auto-track the signal source. 

If the signal source falls below the set threshold, the ACU switches out of Track and back to Acquire until the signal 

source again exceeds the chosen threshold of the selected receiver. The ACQUIRE button(s) displays yellow when 

active, but not tracking the signal source. When the source is re-acquired and above the pre-set threshold level, the 
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Acquire buttons will stay yellow and the TRACK buttons turn green, however, the last MANUAL mode button that 

was previously selected turns light green, indicating that the original mode is now in Shadow mode. 

By correctly setting the threshold above the antenna side lobe level, the system should acquire and auto-track on the 

antennas main beam and not on a side lobe, thus, eliminating the side lobe tracking errors which sometimes may 

occur. 

In Figure 18, the selected active Acquire mode for both axes is displayed above (ACQUIRE buttons are yellow). 

The ACU waits until a received signal from the attached receiver is detected that meets the set threshold 

requirement, in this example 19 dB, entered into the Acquire Settings window. When the received signal surpasses 

the threshold setting, the ACU automatically switches to two axes Track (both TRACK buttons will turn green). 

The selected receiver track parameters may be quickly accessed using the associated Gear icon. The Acquire/Track 

switching Saturation, Threshold, Hysteresis, Noise Floor, and Receiver Switch Over parameters (in dB) are 

immediately available to the operator in the Acquire Settings window. All Acquire Settings parameters are entered 

into the desired fields via the pop-up keypad or by selecting the Up/Down arrows for incremental numerical input. 

Changes to the Acquire-Track parameter settings take effect immediately and are reflected in the Signal Level 

display meters in the ACU AGC window. 

 

 

Figure 18: Axis Control and Acquire Settings Windows 

 

2.4.6 Track Mode 

In Track mode (forced auto-track), the pedestalôs motor brakes are released and servos enabled. The ACU system 

tries to track any received signals without regard to the selected receiverôs threshold level (operator forced auto-

track). In this mode it is possible, when not within proper range of the desired signal source, to track unnecessary or 

undesired signals, for example, off of the ground or buildings and/or other objects (multi-path), or another stronger 

signal source within the desired RF band. In Track mode, the ACU auto-tracks in both the Azimuth and Elevation 

independently or in unison depending on the operator selection of the axis TRACK buttons. 

In Figure 19, the Axis Control window shows two (2) axis TRACK selected for both axes and the AZ and EL 

buttons are green. The system is in forced track and attempts to auto-track on any received signal within band, 

regardless of its signal strength, desirability, or location. 
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Figure 19: Axis Control and Track Settings Windows 

 

Select the Gear icon to the right of the TRACK buttons to open the Track Settings window. By using the Up/Down 

arrows in the MPC Angle (degrees) field (or using the popup keypad), the MPC down limit position selection angle 

is available for immediate operator control. In addition, the Accel Limit % of Max Accel slide control is available to 

track acceleration and to increase or decrease the axis motion acceleration during Track mode. The slide control 

affects AZ and EL axes equally. 

2.4.7 Stabilized Mode 

A Stabilized Mode Control (Gear Icon) button is located next to the LED in the Axis Control window. This mode is 

associated with all pedestal axis motion control modes. When selected, an independent window (Stabilization) opens 

to the right of the Axis Control window. Stabilization provides an On/Off switch and displays stabilization 

parameters. When the switch is On, the LED at the bottom of the Axis Control window is green. This means 

stabilization is active, even when the Stabilization window is closed or a different function window displays. 

 

 

Figure 20: Axis Control and Stabilization Windows, Stabilization Option Enabled and Switched On 
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The Stabilization Window displays Deck and True elevation and azimuth pointing angles, the system's world 

position (latitude and longitude) and altitude, and the pitch, yaw, and roll feedback from any attached IMU or gyro 

device. When stabilized, the antenna's pointing position (AZ and EL pointing angles) are continuously updated to 

compensate for shipôs (pitch and roll) motion. In addition, the true north heading (yaw) is updated via the attached 

differential GPS system. 

Stability is turned On or Off using the Advanced menu. If the system is not stabilized, the Stability check box in the 

Advanced menu is unchecked. 

2.5 Track Error Dial and Feed Control 

Located between the Azimuth and Elevation analog position display dials are the Tracking Error dial and the Feed 

Control window. The Tracking Error dial provides the operator with visual feedback of the radiating target location 

within the antennas beam width. The Error dialôs center dot, also called a meatball, shows the location (up, down, or 

side to side) of the radiating source, off from the antennaôs RF or electrical boresight. 

As the antenna is slewed towards the radiating target, the meatball moves toward the center (cross hair) position of 

the Error dial, in both Azimuth and Elevation, provided that the dial is calibrated correctly. Likewise, as the antenna 

is moved away from the target, the meatball moves away from the central cross hair position within the dial. The 

Tracking Error dial also provides the operator with digital readouts of the Azimuth and Elevation track errors in 

numeric format, as shown in Figure 21. When the system is auto-tracking a radiating target, in AZ and EL (both 

TRACK buttons are green), the meatball should be located at or near the center cross hair location within the 

Tracking Error dial. In addition, the center meatball turns green when the feed scanner is running and generating a 

Top Dead Center (TDC) signal. Typically, the feed scanner is rotating at about 1800 RPM generating a TDC signal 

of about 30 Hz. If this signal is not present, the center meatball displays red and the antenna system will not auto-

track the radiating target. 

Calibrating the system for correct auto-tracking capability may be accomplished by selecting the Settings icon from 

Tool bar and then selecting the TRACK SETTINGS button. All calibration parameters for each RF band and 

available receiver(s) are set and stored in the ACUôs settings database. Refer to Appendix B - Required Tracking 

Calibrations-Adjusting TDC Offsets and Slopes for system auto track calibration details. 

 

 

Figure 21: Tracking Error Dial 

 

 Elevation 

Error Readout 

Azimuth Error 

Readout 

1.  (+AZ +EL) 2.  (-AZ +EL) 

3.  (-AZ -EL) 4.  (+AZ -EL) 
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The Tracking Error dial is shown in Figure 21. The Error dialôs center meatball is red, indicating that the feedôs 

scanner is not running and not providing the required (tracking). Top Dead Center Signal (TDC) is necessary for 

correct auto-tracking capability. The Error dialôs top and side EL and AZ digital numeric displays indicate that there 

are no track errors present at this time (both read 0.0). The target meatball (red ball) is at center of the Error dial 

when scanner/feed is Off. The four quadrants of the Error dial are also illustrated. 

2.6 System Control Window 

Directly below the Tracking Error dial is the Feed Control window, shown in Figure 22, where the common and 

optional system control buttons are located. Typically, in a tracking system, the FEED and SYS LNA buttons are 

always present. 

However, other control buttons can be placed in this area as needed for system functions such as Pedestal Camera 

On/Off and External AC Power On/Off. 

The FEED button activates and deactivates the feedôs scanner and LNAs. The SYS LNA button turns the feedôs low 

noise amplifiers On and Off. Selecting the FEED button to activate the scanner (button turns green) will also turn 

On the LNAs (the SYS LNA button turns green). The LNA(s) can be turned Off by selecting the LNA button only 

(it turns red) indicating that the LNAs are now Off. LNAs can also be turned On and Off when the FEED button is 

Off (red), if desired. 

 

 

Figure 22: System Control Window 

 

Some systems may include additional feed control buttons such as Antenna Pedestal, High/LO Gain antenna, and 

Auto Antenna, as described below. 

¶ FEED ON/OFF ï Controls manual switching of the feedôs scanner motor and turns the system LNAôs to 

On when activated 

¶ LNA ON/OFF ï Controls the manual switching of the feedôs low noise amplifiers (LNAs) On or Off, as 

required 

¶ HIGH/LO GAIN ï Controls manual switching between the High Gain Feed and the reflectorsô side 

mounted ACQ AID (Low Gain). This can be used to reduce signal strength at the receiver to prevent 

receiver saturation (when low gain detected), or the Lo Gain antenna can be used for a wider view of the 

target area for tracking or searching for the target. 

¶ AUTO ANT ï When manually selected, automatically switches between the High Gain (Reflector) and the 

LO Gain Omni antenna or an external ACQ AID antenna; bright green when enabled 

¶ FREQUENCY BAND SWITCHING ï When installed, switches between the L/S band feeds and the C 

band feeds; Switching to each band displays a new set of tracking parameters in the software Track Settings 

window for optimal tracking of the radiating target within each band. 

¶ LASER ï User selectable switching of the attached laser to the On (radiating) or the Off (non-radiating) 

position 

The System Control button layout is specific to the customer tracking system. The feed buttons and control window 

are factory adjustable and are set to be compatible with the feed assembly hardware. 
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2.7 AGC Window 

The AGC window is located just below the Elevation window. The AGC window contains the received signal level 

ribbon meters for up to four (4) connected receivers, the Auto Receiver button (AUTO RX) and the Multi Path 

Clipping activation button (MPC). 

The signal level ribbon meters are each connected to an external receiver through the ACU back panel AGC input 

BNC connectors. Each meter displays the signal level received from the external radiating source as detected by the 

connected receiver. The selected receiver signal level for Auto-track is indicated by a white border around the 

outside edges of the meters, as shown in the RHCP meter in Figure 23. 

 

 

Figure 23: AGC Window, RHCP Meter Outlined in White 

 

To manually select a receiver for tracking, select or touch the ribbon meter on the ACU front panel. That receiverôs 

signal level and its associated AM signal from the external receiver are used for auto-tracking the desired target. By 

selecting the AUTO RX button (button will glow yellow), the signal level meter with the displayed level that 

exceeds the pre-set threshold conditions is automatically selected for tracking purposes along with the receiverôs 

associated AM. 

With multiple external receivers connected, the AGC signal level meter which meets the pre-set threshold settings is 

always automatically selected for auto-tracking the radiating target when the AUTO RX button is active. The 

receiver that is automatically selected (or manually selected by the operator) displays its signal level in the Selected 

Rx Level field (just above the AUTO RX button). Signal level meters can also be set to display their AGC level in 

dB or dBm by selecting the Display Units drop down menu, located at the bottom AGC window. 

In Figure 23, the AGC received signal level meter display shows three signal metersðRHCP, LHCP, and RX3. The 

RHCP labeled meter is currently the auto-selected receiver to track on, as indicated by the white, highlighted border 

around the meter. Only one meter is reporting signal while the other two meters display no source signal level 

information from the connected external receiver(s). The automatically selected AGC meter (RHCP) is reporting a 

received signal strength of 4.0 dB. The AUTO RX button is yellow indicating that the automatic receiver selection 

function is active. The MPC button is grey indicating that the Multi-Path Clipping (MPC) feature is turned Off. 

The MPC button, when active (yellow), enables a preset, Multi-Path Clipping, Elevation down limit position. This 

prevents the EL axis from moving below the preset down position (MPC) during auto-track. The MPC is used 

during auto-track (only) to keep the antenna from tracking ground reflections instead of the actual radiating target. 
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The MPC down limit settings can be accessed by selecting the Gear icon located to the immediate right of the AZ 

and EL TRACK buttons in the Axis Control window. 

AGC signal level ribbon meters also react to the (Acquire) Noise Floor, Threshold, and Saturation settings by 

changing color. When a signal rises above the Noise Floor setting, it displays an orange ribbon. When the meter 

exceeds the Threshold setting (triggering the auto track mode if Acquire is active), it changes to green, and when the 

ribbon meter exceeds the Saturation level setting, it changes to red. 

In Figure 24, the manually selected (AUTO RX button is Off) RHCP ribbon meter shows signal strength of 16 dB 

above the noise floor, with the ribbon meter orange in color. The selected receiver (RHCP) has a white border 

surrounding the meter, and its signal level is shown in the Selected Rx Level field. However, the threshold level for 

auto-track switch in has not been reached or exceeded yet. 

 

 

Figure 24: AGC Window, Manually Selected-RHCP Meter Outlined White, Threshold Not Reached 

 

In Figure 25, the manually selected receiver (RHCP) has reached and exceeded the threshold level setting for 

automatic, auto track switch in, causing the signal level ribbon to turn green. The system begins to auto-track the 

radiating target on the RHCP receiver at this point (if the ACQUIRE buttons are selected and active). 

 

 

Figure 25: AGC Window, Manually Selected-RHCP Meter Outlined White, Threshold Exceeded 
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In Figure 26, the manually selected receiver (RHCP) signal level has reached and exceeded the Saturation setting, 

causing the signal level ribbon to change to red. This indicates a received signal that is too high and is causing 

receiver saturation. If the signal continues to increase, the feedôs LNAs can be damaged. 

 

 

Figure 26: AGC Window, Manually Selected-RHCP Meter Outlined White, Saturation Exceeded 
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3 ACU Tool Bar 

Along the bottom of the ACU GUI touch screen is the System Tool bar. Imbedded into the Tool bar are the six (6) 

quick access icons and control indicators, where all system access, control and set up functions are primarily 

located. In addition to the quick access icons, the Tool bar also contains the User identifier, the Date/Time 

indicators, and an Exit icon. By clicking or touching the icons, the (lower level) menus are launched. 

The ACU Tool bar contains the eight (8) embedded icons and/or devices available to the operator. Each device or 

icon is touch screen and/or mouse activated to allow for easy access to the lower level, icon driven menus launched 

by selecting each Tool bar icon. The User identifier is read onlyðrecording and displaying the current logged in 

user. In this example, the administrator is logged in. 

 

 

Figure 27: AGC Tool Bar 

 

The icons located on the Tool bar (from left to right) are: 

¶ Logging ï Start and stop the Logging Applet 

¶ Status ï Access all system interlock and fault messages 

¶ Settings ï Access all system set up menus 

¶ Tools ï Access all system testing and special function menus 

¶ Help ï Access the help messages 

¶ In Control ï Enables or disables remote ACU access 

¶ User ï Identifies the current logged in user of the ACU 

¶ Date/Time ï Displays system date and time via the computer clock 

¶ Exit ï Shuts down ACU GUI and exits to the Windows Desktop 

3.1 Tool Bar - Logging 

When selected, the Logging icon, shown in Figure 28, allows the operator to start a user defined log file 

running/recording. The log file captures the selected parameters requested by the operator when the log file 

setting(s) were created. The log file is currently saved to a folder called LOGGING on the Windows Desktop. Each 

time the log file is started and stopped it is renamed and automatically saved into the logging folder. The log file is 

saved as a (xxx.csv) file for easy importing into Excel. However, to view the file from the Windows Desktop 

without importing into Excel the file must be renamed as a text file, (xxx.txt). After renaming, the file can be viewed 

in Word, WordPad, or by the Windows Notepad. 

 

 

Figure 28: AGC Tool Bar, Logging 
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The Windows Logging folder shown in Figure 29. Six saved Logging Files are shown in the folder. The files are 

saved by the ACU as (date-name.csv) files for importing into Excel. One file has been renamed as an XXX.txt file 

for display in Word, WordPad, or the Windows Notepad. In this example, the logging folder is placed on the 

Windows desktop. 

 

 

Figure 29: Windows Logging Folder 

 

 

 

Figure 30: Example of a Logging Text File 

 



 
ACU Software Instruction Manual 

 

26  Quasonix, Inc. 

 

When the logger is running, the Logging icon is highlighted in green. To stop the Logger, select or touch it again. To 

request a list of parameters to be recorded in the log file, select the Tools icon, then the LOGGING button to display 

the Logging Set Up window. Each parameter to be recorded is selected by choosing the On/Off slider next to the 

parameterôs title. When finished, touch the OK button to save and exit. 

There are 16 parameters which can be activated for recording by the log file. The first 14 parameters are ACU front 

panel operational modes, such as, current axis status or AGC signal levels. The last two parameters are the fault or 

interlock indicators. The fault/interlock indicators are saved in two banks of possible recorded values. The fault 

codes for each bank are outlined in Table 1, Table 2, and Table 3. 

 

Table 1: Bank 1, Faults and Interlocks Logger Reporting Codes 

Condition Code Description 

Safe is Active SFE Safe switch is in the SAFE position (system in SAFE) 

Stow is Active STW The stow pin is removed from its receptacle (in stow) 

Local Control (Hand-Held) Active LCA The Hand-Held controller is attached 

Shorting Plug SHT The Shorting Plug is removed 

DACU Communications Error DCU Lost Comm. / link with the ACUs internal DACU PCB 

Message Error MSG A Software message is erroneous / not received 

 

Table 2: Bank 2, Faults and Interlocks Logger Reporting Codes 

Condition Code Description 

Azimuth Encoder Fault AEF AZ position encoder failure or encoder power has failed 

Elevation Encoder Fault EEF EL position encoder failure or encoder power has failed 

AZ Servo Fault ASF AZ axis servo amplifier reports and internal fault 

EL Servo Fault ESF EL axis servo amplifier reports an internal fault 

Dehydrator Fault DYD Dehydrator has reported a failure 

 

Table 3: Bank 3, Status Bits Logger Reporting Codes 

Condition Code Description 

Auto Stow Pin Inserted API Indicates that the stow pin is in place and stowed 

Auto Stow Pin Moving APM Indicates that the Auto Stow Pin is moving 

 

All of the faults and indicators listed are fatal conditions (with the exception of the dehydrator 
fault). Each causes the immediate shut down of the servo controller and places the ACU in 

Standby with servo power in the Off state (SERVO button is red). The dehydrator fault is indicated 
in the status area, but does not stop the normal system operation. 
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3.2 Tool Bar - Status 

The Status icon, shown in Figure 31, warns the operator when a fault or interlock has occurred by displaying a 

small, red, indicator containing an embedded number, in the upper right hand corner of the icon (Figure 32). The 

number identifies the number of faults/interlocks detected. On a remote ACU or device, the Status icon reports the 

status detected by the Local ACU and then transmits that to the remote device. 

 

 

Figure 31: ACU Tool Bar, Status 

 

 

Figure 32: ACU Tool Bar, Status with Fault Indicator of 1 

 

Select the icon to open the Status window, shown in Figure 33. Status uses LEDs to indicate the system faults, 

interlocks, and operational status. The status faults and indicators are separated into several areas for easy analysis of 

the system. Typically, a green indicator reports a NO fault condition, while a red indicator reports a fault for the 

parameter listed. The exception is the Tracking Running LED (under the ACU heading) which oscillates, indicating 

that the ACU is in communication with the internal A/D PCB (within the ACU chassis). The CLEAR FAULTS 

button is used to refresh indicators which may be reporting an old status. 

 

 

Figure 33: Status Window with LED Indicators 
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Table 4: System Status/Fault Indicators - Elevation 

Indicator LED Color Description 

Servo Enabled Green 

Red 

EL servo amplifier enabled 

EL servo amplifier is disabled 

Offset Enabled Green 

Red 

Axis position offset On 

Axis position offset Off 

Soft Down Limit None 

Red 

Axis is NOT in software Down limit 

Axis has reached the soft Down limit 

Soft Up Limit None 

Red 

Axis is NOT in software Up limit 

Axis has reached the soft Up limit 

Hard Down Limit None 

Red 

Axis is NOT in electrical (factory set) Down limit 

Axis has reached the electrical Down limit 

Hard Up Limit None 

Red 

Axis is NOT in electrical (factory set) Up limit 

Axis has reached the electrical Up limit 

Encoder Fault None 

Red 

EL position encoder is operating correctly 

EL position encoder failed or power/connection to 
encoder is faulty 

Servo Fault None 

Red 

EL servo amplifier is operating correctly 

EL servo amplifier has indicated an internal fault 

 

 

Table 5: System Status/Fault Indicators - Azimuth 

Indicator LED Color Description 

Servo Enabled Green 

Red 

AZ servo amplifier enabled 

AZ servo amplifier is disabled 

Offset Enabled Green 

Red 

Axis position offset On 

Axis position offset Off 

Soft CCW Limit None 

Red 

Axis is NOT in software CCW limit 

Axis has reached the soft CCW limit 

Soft CW Limit None 

Red 

Axis is NOT in software CW limit 

Axis has reached the soft CW limit 

Hard CCW Limit None 

Red 

Axis is NOT in electrical (factory set) CCW limit 

Axis has reached the electrical CCW limit 

Hard CW Limit None 

Red 

Axis is NOT in electrical (factory set) CW limit 

Axis has reached the electrical CW limit 
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Indicator LED Color Description 

Encoder Fault None 

Red 

AZ position encoder is operating correctly 

AZ position encoder failed or power/connection to 
encoder is faulty 

Servo Fault None 

Red 

AZ servo amplifier is operating correctly 

AZ servo amplifier has indicated an internal fault 

 

 

Table 6: System Status/Fault Indicators - General 

Indicator LED Color Description 

Servo Enabled Green Servo power relay is enabled and the axis servos have 
power applied 

Servo Enabled None Servo power relay is Off and the axis servos have no 
power applied 

Dehydrator Fault Red 

None 

Dehydrator has indicated an internal fault 

No dehydrator is attached or there are no detected 
dehydrator faults present 

 

 

Table 7: System Status/Fault Indicators ï Stow Safe 

Indicator LED Color Description 

Auto Stow Pin Moving 
(Optional) 

Red 

None 

Automatic stow pin is in motion 

Automatic stow pin is NOT moving or no available auto stow 

Auto Stow Pin Inserted 
(Optional) 

Red 

None 

Automatic stow pin is inserted into the receptacle 

Automatic stow pin is NOT inserted or no available auto stow 

Manual Stow Pin 
Inserted 

None Not available, no function 

Safe Switch Fault Red 

None 

System is in Safe and ACU is locked out 

System is NOT in Safe and ACU is in control 

Shorting Plug Fault Red Shorting plug has been removed from the connector and 
ACU is locked out 

Shorting Plug Fault None Shorting Plug is in place 

Stow Pin Fault Red Stow pin has been removed from its receptacle and ACU is 
locked out 

Stow Pin Fault None Stow pin is in place in receptacle and ACU has control 
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Table 8: System Status/Fault Indicators ï Controls 

Indicator LED Color Description 

Hand Wheels Green Hand Wheel (USB) connection to Arduino PCB is valid and 
data is correct 

Hand Wheels Red Hand Wheel (USB) connection lost or data is not valid 

Joystick Green 

Red 

Joystick is attached via USB and is valid 

Joystick is NOT attached to USB port or not valid 

 

 

Table 9: System Status/Fault Indicators ï DACU 

Indicator LED Color Description 

DACU Connected Red 

Green 

DACU has lost Ethernet communication link 

DACU Ethernet connection is good and active 

DACU Status Valid Red 

Green 

DACU internal status check sum is not valid 

DACU internal status check sum is correct 

DACU Internal Error Red 

None 

DACU check sum error 

DACU check sum is valid 

DACU Communication 
Error 

Red 

None 

Internal DACU PCB communication error detected 

Internal DACU communication is valid 

DACU Command 
Message Error 

Red 

None 

A specific DACU command message is invalid 

Command messages are valid 

DACU Local Control 
Fault 

Red 

None 

Local hand-held controller attached and is in control 

No local control present; hand held is not attached 

 

 

Table 10: System Status/Fault Indicators ï ACU 

Indicator LED Color Description 

Connected Green Connection to server is present and ready for remote 
communications 

Connected Red NO connection to server; a remote connection cannot be 
established 

In Control Green 

Red 

ACU is in control of pedestal 

ACU does NOT have control of pedestal 
























































































































































































