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ELEVATOR SYSTEM HAVING A FORCE-ESTIMATION OR 
POSITION-SCHEDULED CURRENT COMMAND CONTROLLER 

COPYRIGHT PROTECTION NOTICE 

A portion of the disclosure.of this patent 

applicatipn contains material which is subject to 

copyright ·p.rotection. The copyright owner has no 
.• 

objecti..on· eo the facsimile reproduction by anyone of the 

patent document or patent disclosure, as it appears in 

the Patent and Trademark Office patent file or records, 

but otherwise· reserves all copyright rights whatsoever. 

TECHNICAL FIELD 

This .invention relates to a system having active 

suspens.ion control, and more particularly relates to an 

elevator system having active horizontal suspension 

control for controlling horizontal movement of an 

elevator car with respect to guide rails in an elevator 

hoistway. 

. BACXGROO'ND OF TRE :INVENTION 

As elevators are required to move faster, there is a 

greater need for improved lateral suspension to provide 

smooth, quiet rides for passengers. current practice is 

to employ a passive suspension comprised of rollers 

mounted with springs and dampers to the corners of the 

elevator car. Advanced elevator suspension concepts are 
. . 

being proposed and developed that employ electromagnets 
. ~ .-

as active force geri~rators in the suspension to 
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counteract external forces acting on the elevator system. 

For example, an active roller guide (ARG) elevator syste~ 

and an active magnetic guidance (AMG) elevator system are 

two such advanced suspension systems. Force generating 

mechanisms used for both the ARG and AMG elevator systems 

a~e electromagnet pairs that are required to generate 

controlled magnetic forces in the presence of relatively 

large air gap variations in a range of 2 to 10 

millimeters. 

Figure 3 shows a known flux and current feedback 

compensation controller for a magnet driver. In general, 

in Figure 3, the known flux and current feedback 

compensation controller feeds back magnetic flux and 

current to regulate electromagnet currents. The flux and 

current feedback system utilizes an outer force control 

feedback loop (flux feedback using Hall effect sensors), 

to regulate command current for the magnets in the 

presence of unknown gaps. (Note that Figure 3 is 

simplified by showing only one magnet). 

Specifically, an elevator suspension controller (not 

shown in Figure 3) of the elevator system provides a 

force command signal Fd to the flux and current feedback 

compensation controller so. The force command signal Fd 

is indicative of a desired force to move the elevator car 

with respect to guide rails in an elevator hoistway. A 

Hall effect sensor 52 measures a flux density FD, and 

provides a sensed flux density signal FPO indicative of a 
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magnetic force exerted by a magnet 54 on a guide rail · 

(not shown) . A squaring circuit 56 squares the sensed 

flux density signal FPO, and provides a squared sensed 

flux density signal FPD2 proportional to the sensed flux . 
density signal F~. A first comparator 58 subtracts the 

squared sensed flux density signal FPD2 from the force 

command signal Fd, and provides a force error signal FPB. 

A force feedback compensation processor 60 responds to 

the force error signal FPE, and provides a desired force 

compensated current command signal Ic· 

A current measurement circuit 62 measures a magnet 

driver current IMDC, and provides a measured current 

signal Imcas indicative of .~ measured current from a driver 

64 to the magnet 54. A second comparator 66 subtracts 

the measured current signal Imc.u from the desired force 

compensated curre~t command signal Ic, and provides a 

current error signal I 8 • A current feedback compensation 

processor 68 responds to the current error signal IE and 

provides a driver feedback current signal I 0 pe to the 

driver 64. The driver 64 responds to the driver feedback 

current signal I 0PC, and provides the driver current 

signal IMDC to the magnet 54. 

The flux and current feedback compensa~ion 

controller SO for the AMG elevator system, as well as the 

ARG elevator system, both use the Hall effect sensor 52 

as one of the primary feedback elements to control the 

magnetic force (See United States Patent Nos. 5,294,757, 
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5,304,751 and 5,JOS,938). The Hall effect sensor 52 is 

mounted in the magnetic field at a pole face of the 

magnet 54 and measures the local magnet flux density. In 

the AMG and ARG elevator systems, the force produced, by 
f 

the magnet 54 is roughly proportional to the square of 

the flux density. 

However, there are four major disadvantages of using 

the Hall effect sensor 52 in the AMG elevator systems: 

First, the Hall effect sensor 52 must be located between 

the pole face of the maqnet 54 and a reaction surf ace of 

the elevator guide rail (not shown) • The location 

creates a severe reliability and durability concern, 

especially on ~he AMG el_~vator system in which the 

reaction surface is the elevator guide rail. The 

reaction surface can be moving at speeds qreater than 10 

meters per second (m/s) relative to the Hall effect 

sensor 52. Second, when using the Hall effect sensor 52 

a spacer having thickness qreater than the thickness of 

the Hall effect sensor 52 must be installed in the gap to 

protect the Hall effect sensor 52 from inadvertent 

impact. The thicker spacer reduces the useful travel of 

the suspension and/or requires the magnet 54 to produce 

magnetic force across a larger air gap. This is 

especially disadvantageous because the magnet force 

decreases as a function of the square of the air gap 

length. Third, the Hall e~fect sensor 52 requires 

additional wiring and connections, increasing the cost 



5 

and reducing the overall reliability of the suspension 

control system. Fourth, the existence of the Hall effect 

sensor 52 on the pole face of the magnet 54 limits the 

achievable force generation capability of the 

electromagnet. The Hall effect sensor 52 must be mounted 

in close proximity to the active electromagnet 54 - on 

the reaction plate (armature) in the case of the ARG 

elevator system, and directly on the magnet pole face in 

the case of the AMG elevator system. The limited 

temperature range of the Hall effect sensor 52 limits the 

allowable temperature rise of the magnet, and therefore 

limits the maximum magnet excitation. The ARG elevator 

systems have similar problems. 

The disadvantages discussed above are difficulties 

in the ARG elevator systems, but prove to be serious 

limitations to the implementation of AMG elevator 

systems. 

DISCLOSURE OF INVEN'l'ION 

The invention provides a new and unique method for 

controlling forces produced by electromagnets in large 

gap applications without using a Hall effect sensor and 

its associated feedback loop. 

In particular, the invention features an elevator 

system for controlling horizontal movement of an elevator 

car with respect to guide rails in an elevator hoistway, 

having a force-estimation or position-scheduled current 
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command controller and a magnet driver circuit. The 

force-estimation or position-scheduled current command 

controller responds to a force command signal, and 

further responds to a sensed gap signal, for providing a 
t 

force-estimation or position-sch~duled current command 

controller signal. The magnet driver circuit responds to 

the force-estimation or position-scheduled current 

command controller signal, for providing a magnet driver 

circuit signal to control the horizontal movement of the 

elevator car with respect to the guide rails in the 

elevator hoistway. 

In one embodiment, the invention includes a force-

estimation processor that responds to the sensed gap 

signal and a sensed magnet driver current signal, for 

providing a force-estimation processor signal indicative' 

of an estimated force used to control the horizontal 

movement of the elevator car with respect to the guide 

rails in the elevator hoistway. The force-estimation 

processor may be implemented in hardware or software. 

In another embodiment, the invention includes a 

position-scheduled current command controller that 

responds to the force command signal and the sensed gap 

signal, for providing a position-scheduled current 

command controller signal as a current command to the 

magnetic driver circuit. The position-scheduled current 

command controller may be implemented in hardware or 

software to control the movement of the elevator car with 
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respect to the guide rails in the elevator hoistway. 

One significant advantage of the invention is that 

it eliminates the need for the Hall effect sensor. 

Accordingly, the invention comprises the features of 

construction, combination of elements, and arrangement of 

parts which will be exemplified in the construction 

hereinafter set forth, and the scope of the invention 

will be indicated in the claims. 

BRIEF DESCRIPTION OF TKE DRAWING 

For a fuller understanding of the nature of the 

invention, reference should be made to the following 

detailed descriptions taken in connection with the 

accompanying drawings, not in scale, in which: 

Figure 1 is a schematic diagram of an elevator car 

that moves with respect to guide rails in an AMG elevator 

system. 

Figure 2 is a block diagram of a circuit for 

controlling the movement of the elevator car in Figure 1 

with respect to the guide rails. 

Figure 3 is a block diagram of a known flux and 

current feedback compensation controller in a known 

m~gnet driver. 

Figure 4 is a block diagram of a current command 

controller 200 of the present invention. 

Figure Sa is a block diagram of one embodiment of a 

force-estimation current command controller 210/300 which 
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is one embodiment Of the current command controller 200 

in Figure 4. 

Figure Sb is a block diagram of another embodiment 

of a force-estimation current command controller 210/300 

which is one embodiment of the current command controller 

200 in Figure 4. 

Figure 6 is a block diagram of a microprocessor 

architecture for the force-estimation current command 

controller 210/300 of Figure 5. 

Figure 7 is a diagram of a side-to-side 

configuration for the AMG elevator system. 

Figure a is a diagram of a front-to-back 

configuration for the AMG elevator system. 

Figure 9 shows how F°igures 9A and 9B fit together to 

illustrate a hardware embodiment of a force estimation 

processor 310 in Figure s. 

Figure 10 is· a block diagram of a position-scheduled 

current command controller 210/400 which is another 

embodiment of the current command controller 200 in 

Figure 4. 

Figure 11 is a block diagram of the position­

sche~uled current command controller 210/400 shown in 

Figure 10 and the coordinated controller 100 shown in 

Figure 2. 

Figure 12 shows a graph of side-to-side AMG magnet 

performance. 
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BEST MOOE FOR CARRYING OUT THE INVENTION 

An AMG Elevator System in General: 

Figure l shows an elevator car 12 for an AMG 

elevator system shown and is described in a U.S. Patent 
• application having Serial No. 08/292,660, filed August 

18, 1994, and hereby incorporated by reference. The 

elevator car 12 has a car frame 13 with f~ur guide heads 

10, 20, 30, 40, which are shown in this example as 

magnetic guide heads. In general, the elevator car 12 

includes a car frame 13 that operates on vertical guide 

rails (not shown) mounted at opposite sides of an 

elevator shaft or hoistway (not shown) of a building (not 

shown}. The four guide heads 10, 20, 30, and 40 are 
~ 

mounted on the car frame 13 to guide the car along the 

rails and to reduce the vibrations transmitted to the 

car. 

As shown, the rigid body motion of the elevator car 

12 is kinematically defined in five degrees of freedom of 

a global coordination system (GCS} having X, Y, Z axes by 

side-to-side translation along the X axis, front-to-back 

translation along the Y axis, a pitch rotation about the 

X axis, a roll rotation about the Y axis, and a yaw 

rotation about the Z axis. The GCS may have its origin 

at the geometric (or mass) center of the elevator car 12 

or at any other convenient origin. It should be realized 

that the choice of a coordinate system, though not 

arbitrary, need not be rectangular, although it is the 
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most logical and convenient. The side-to-side linear 

translation Xe is measured along the X axis in the GCS and 

a force Fx is defined along the X axis. The front-to­

back linear translation Ye is measured along the Y axis in 
• 

the GCS, and a force Fy is defined along the Y axis. The 

pitch rotation 9x is rotationally measured about the X 

axis in the GCS, and a moment Mx is defined about the X 

axis. The roll rotation 8y is rotationally measured 

about the Y axis in the GCS, and a moment My is defined 

about the Y axis. The yaw rotation Bz is measured about 

the Z axis in the GCS, and a moment Mz is defined about 

the z axis. Each of the three arrows shown in Figure 2 

indicates a positive moment about the respective axes. 

(Note that for the purpose of this discussion the 

measurement and motion of the elevator car 12 are not 

controlled by the AMG system with respect to translations. 

along the Z axis.) 

In addition, each guide head 10, 20, 30, 40 has a 

respective local coordinate system LCS10 , LCS20 , LCS~, 

LCS40 , having :J4, Yi, zi axes. For example, the quide head 

10 has a local coordinate system LCS10 having an x1 axis 

and a y 1 axis with forces Fxi and F11 respectively defined 

along these axes, as shown. The qui~e head 20 has a 

local coordinate system LCS20 having an x2 axis and a y2 

axis with forces F12 and F72 respectively defined along 

these axes, as shown. The guide head JO has a local 

coordinate sys.tam LCS30 having an x3 axis and a y 1 axis 
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with forces Fll and F,.3 respectively defined along these 

axes, as shown. The guide head 40 has a local coordinate 

system LCS40 having an x4 axis and a y4 axis with forces Fx4 

and F~ respectively defined along these axes, as shown. 

For each of the four guide· heads 10, 20, JO, 40, its 

three respective electromagnets produce forces Fd, F11 , 

Fx2, Fyl, Fxl, F13 , F:14 and F14 along the respective local Xj 

and Yi axes. It is assumed that the local forces along 

the Xj and Yi ~xes act through the origin of its respective 

local coordinate system LCSi. It should be realized that 

one could easily account for any off set in the local zi 

axis between the local f9rces due to magnet positioning 

by adding additional length parameters in this kinematic 

characterization. 

The local coordinate systems LCS10 , LCS10, LCS30 , LCS40 

are related to tbe GCS based on five lengths a, b, c, d 

and e, as shown in Figure 1. The lengths a and b define 

the lever arms for the pitch rotation Dx about the X axis 

and the roll rotation By about the Y axis. The lengths 

c, d and e define the lever arms for the yaw rotation 8z 

about the Z axis. For the typical case, one assumes a=b, 

d=e and c=O. 

In one embodiment described in U.S. Serial No. 

08/292,660, the position of the elevator car 12 is 

measured in three of the four local coordinate systems 

LCS101 LCS10, LCS30 , a:nd coordinating lo~al forces Fxi, Fx2, 

F111 Fyz, F13 are applied in the same three local coordinate 
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systems LCS10 , LCS20 , LCS30 • The measurements are used to 

determine the deviation of the elevator car 12 from a 

desired position in the GCS, and the forces necessary to 

move the elevator car 12 back to the desired position in 

the GCS. 

Figure 2 shows an example of a coordinated 

controller 100 described in U.S. serial No. 08/292,660 

for controlling the movement of the elevator car 12 shown 

in Figure 1 in the AMG elevator system. In Figure 2, the 

coordinated controller 100 includes position sensors 110 

and acceleration sensors 120, a position and acceleration 

feedback controller 130, a high voltage power supply 140, 

magnet drivers 150, and electromagnets 160. The position 

sensors 110 are known in the art, and an example thereof 

is shown and described in U.S. Patent No. ~,294,757, 

hereby incorporated by reference. The position and 

acceleration feedback controller 130 keeps the car frame 

13 centered between the guide rails and minimizes the 

lateral vibrations, and is shown and described in U.S. 

serial No. 08/292,660. Other position and acceleration 

feedback controllers are also shown and described in U.S. 

Patent Nos. S,294,757; S,304,751 and S,308,938, which are 

also hereby incorporated by reference. 

As discuss·ed above in detail, Figure 3 shows a known 

flux and current feedback compensation controller for the 

.magnet drivers 150 shown in Figure 2. 
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The Force-Estimation or Position-Scheduled 
current Command Controller 

Figure 4 shows a block diagram of the present 

invention in its broadest context. As shown, the present 

invention provides a current command controller 200 to 

regulate currents to an electromagnet 160 that serves as 

a force generator in the AMG elevat~r system. 

As shown in Figure 4, the current command controller 

200-has a force-estimation or position-scheduled current 

command controller 210 and a magnet driver circuit 220. 

The force-estimation or position-scheduled current 

command controller 210 responds to a force command signal 

F4 , and further responds to a sensed gap signal Gm, for 

providing a current comm~nd signal Ic· As described 

below, the current command signal Ic takes the form of 

either a force-estimation current command controller 

signal or a position-scheduled current command controlle~ 

signal, and is indicative of a current command to the 

magnet driver circuit for driving electromagnets to 

control the elevator car 12 (Figure 1) with respect to 

the guide rail 205 in the elevator hoistway (not shown). 

The position and acceleration feedback controller 130 in 

Figure 2 provides the force command signal F4, which is 

indicative of a horizontal force to move the elevator car 

(Figure l) with respect to the guide rail 205 in the 

elevator hoistway (not shown). One of the position 

sensors 110 in Figure 2 provides the measured gap signal 
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Gm of Figure 4, which is indicative of an actual gap of 

the elevator car 12 (Figure 1} with respect to the guide 

rail 205 in the elevator hoistway (not shown). 

, The magnet driver circuit 220 responds to the 

current command signal Ic, for providing a magnet driver 

circuit signal to the magnet 160 in Figure 4 to control 

movement of the elevator car 12 with respect to the guide 

rails {not shown) in the elevator hoistway (not shown). 

In effect, the present invention uniquely provides 

two different control systems to regulate the bi­

directional force generated by the electromagnets 160 

operating over relatively large air gaps without the need 

for Hall effect sensors •.. Figures S(a), S(b) and 6-9 show 

embodiments in which the current command controller 200 

has a magnetic-force estimation current command 

controller 210/300 to regulate currents to electromagnets 

160 that serve as force generators. Figures 6-8 and 10-

11 show an embodiment in which the current command 

controller 200 has a position-scheduled current c~mmand 

controller 210/400. These embodiments use an idealized 

relationship between the magnetic.force produced given 

the air gap between the magnet and a reaction surf ace 

(e.g., the elevator guide rail) and command currents for 

the magnets. The force estimation approach may use 

existing current and position sensing elements in the ARG 

and AMG elevator systems. However, it should be realized 

that the present invention is also applicable to elevator 
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systems having a plurality of active guides of any type, 

including active roller guides, active slide guides, etc. 

Moreover, the scope of the invention is also not intended 

to be limited to only current commands, because 

embodiments are envisioned in which voltage commands may 

be used for controlling the elevator car 12 (Figure l) 

with respect to the guide rails 205 in the elevator 

hoistway (not shown). 

Figure 5: Force-Estimation 
current command Controller JOO 

Figure Sa shows an embodiment of the invention in 

which the current command controller 200 has a force-

estimation current command controller 210/300 that 

includes a force-estimation processor 310, a force 

comparator 320 and a force feedback compensation 

processor 330. 

The force-estimation processor 310 responds to the 

sensed gap signal G111 from a gap sensor 110, and further 

~esponds to a sensed or ~easured magnet driver cu~rent 

signal Imas from a magnetic current sensor 228, for 

providing a force-estimation processor signal indicative 

of an estimation of the horizontal force to control the 

elevator car 12 with respect to the guide rails in the 

elevator hoistway. The force comparator 320 is known in 

the art and subtracts the force-estimation processor 

signal Fca, from the force command signal Fd provided by the 

position and acceleration feedback controller 130 in 
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Figure 2, for providing a force error signal Fe indicative 

of comparisons of the force command signal Fd and the 

force-estimation processor signal F~ to control the 

elevator car 12 with respect to the guide rails in the 

elevator hoistway (not shown). The force feedback 

compensation processor 330 responds to the force error 

signal Fa, for providing a force feedback compensation 

processor signal as a current command Ic to the magnet 

driver circuit 220. 

The force estimation processor 310 may be 

implemented in hardware or software. When implemented in 

software, a typical microprocessor architecture is used, 

as generally shown in Figure 6. For example, the force 

estimation processor 310 may include a microprocessor 

(CPU} 340, a Random Access Memory (RAM) 342, a Read Only 

Memory (ROM) 344, an input/output controller (I/O) 346, 

and an address, data and control bus (BUS) 348 for 

connecting the microprocessor (CPU) 340, the Random 

Access Memory (RAM) 342, the Read Only Memory (ROM) 344 

and the input/output controller (I/O) 346. one advantage 

of implementing the force-estimation processor 310 in 

software is that it can easily be updated and adapted 

over time by simply adjusting the software program. An 

implementation of the force-estimation processor 310 

us~ng hardware is discussed below with respect to Figure 

9. 

The force feedback compensation processor 330 may 
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similarly be implemented in software with the same or a 

separate microprocessor such as shown in Figure 6. The 

scope of the invention is not intended to be limited to 

any particular embodiment of the force-estimator 

• processor 310 or the force feedback compensation 

processor 330, .or whether it is implemented in hardware 

or software, or a combination thereof. 

The magnet dr~ver circuit 220 is known in the art of 

elevator systems and includes a current-error comparator 

222, a current feedback compensation processor 22-4, a 

driver 226 and a magnet current sensor 228. The current­

error comparator 222 subtracts the measured magnet driver 

current signal Imcu indicative of the measured magnet 

driver current applied to. electromagnets 160 from the 

current command signal Ic, for providing a current error 

signal Ia· The current feedback compensation processor 

224 responds to the current.error signal Ia, for providinq 

a current feedback compensation processor signal Ipc• The 

driver 226 responds to the current feedback compensation 

processor signal IPC, for providing a driver signal to the 

magnet 160 that provides a magnet force to control 

movement of the elevator car 12 (Figure l) with respect 

to the guide rails in the elevator hoistway. The 

magnetic current sensor 228 responds to the magnet driver 

current, for providing the sensed or measured maqnet 

driver current signal Imcas to the current-error comparator 

222. As shown, the "not used" in Figure 5 indicates that 
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the force-estimation current command controller 210/300 

replaces the Hall effect sensor 52 and the squaring 

circuit 54 shown in Figure 3, which are no longer needed. 

In operation, the force-estimation processor 310 . 
takes the sensed gap signal Gm and the measured magnet 

driver current signal Ime.u, and computes a force­

estimation processor signal using a derived Equation 1.0, 

as follows: 

Force = ~ * {Ic/Gmac) 2 (Eq. l}, 

where the Force represents a force scaled in Newtons, ~ 

represents a proportionality constant (100 for the 
·. 

smaller Front-To-Back Axis AMG Magnet and 425 for the 

Larger Side-To-Side AXis AMG Magnet) for a given magnet 

configuration, as discussed below with respect to Figure 

12, Ic represents the current comm~~d signal scaled in 

Amperes, and Gmac represents an actual magnet gap signal 

scaled in millimeters between a pole face of a magnet and 

a reaction surface of a guide rail, which is determined 

from the sensed gap signal Gm. 

In the embodiment shown in Figure Sb, the current 

command signal Ic is fed to the force-estimation processor 

310 instead of the sensed or "measured magnet driver 

current signal Imeas from a magnetic current sensor 228, if 

the bandwidth is high enough so the sensed or measured 

magnet driver current signal Imcu follows the current 
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command signal Ic· In operation, the force-estimation 

processor 310 responds to a feedback current command 

signal Ic and the sensed gap signal Gm, for providing the 

force-estimation processor signal indicative-of the 
f 

estimation of the horizontal force to control the 

elevator car 12 with respect to the 9uide rails in the 

elevator hoistway. Otherwise, the embodiment is similar 

in design to that shown and described with respect to 

Figure Sa above. 

Figures 7 and 8: Gap Sensor Processing Algorithm: 

Figures 7 and 8 show a typical physical relationship 

between the magnet, the reaction surface and the position 

sensor. As discussed above, in order to estimate the 

force produced by the AMG and ARG electromagnets, the air 

gap length and magnet current for each magnet must be 

known. The magnet current is information readily 

available from the magnet driver electronics. In 

implementing the drivers, current feedback may be used to 

improve the response of the current control. In the case 

of a system that does not use current feedback, the 

current must still be monitored to insure that it stays 

within safe levels, and is therefore available for the 

force estimation technique. 

Side-To-Side .AMG Actuator Gaps: 

The actual magnetic gap signal G11111 includes the 
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right side magnet gap Gn and the left side gap G~. 

Figure 1 shows a physical system configuration for a 

Side-to-Side axis. Two position sensors llOa and llOb 

• are examples of the position sensors 110 in Figure 2 and 

are used since the gap for both left and right side 

~agnets must be known even as the Distance Between the 

Guiderails (DBG) changes. The offset between the magnet 

gap and each position sensor llOa.and llOb must be 

physically measured. This is shown and designated in 

Figure 7 as Loll'• for the left side magnet and Row"' for the 

right side magnet. The measured offsets Lo«..:t and Ran-act are 

a result of the mounting configuration of the magnets and 

the position sensor and do not change with system 

operation. The measured left gap is Gm1s. 

The left side gap G~ is determined using Equation 2, 

as shown below: 

(Eq. 2). 

The right side magnet gap Gn is determined using 

Equation 3, as shown below: 

(Eq. 3). 

Note for the side-to-side configuration, the gap 

processing algorithm is identical for either side. 
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Front-To-Back AMG Actuator Gaps: 

The actual magnetic gap signal Gauc includes the 

front magnet gap Gr and the back gap Gb, which must be 

determined. 

Figure 8 shows a physical system configuration for a 

front-to-back axis. Note that there·is only one position 

sensor 110c in the front-to-back axis and two magnets. 

Force estimation using Equation 1 require~ gap 

infQrmation for each magnet. The guide rail may be a 
I 

conventional 3/4 T rail which has a highly uniform 3/4 

inch (l.9 centimeters) width, although the scope of the 

invention is not intended to be limited to any particular 

type of guide rail. The spacing of the front and back 

magnets is determined by the guide head hardware. Hence 

the sum of the front magnet gap Gr and the back magnet gap 

Gb is a constant total Gt. Therefore, once a measured 

front-to-back gap Glllfb is measured, and the front magnet 

gap Gf is determined, then the back magnet gap Gb can also 

l:>e determined knowing the constant total gap G,. 

As with the side-to-side magnets, there is an offset 

between the front magnet gap and the position sensor gap. 

This offset must also be physically measured and recorded 

as "offset". The position sensor l.l.Oc measures and 

provides the measured front-to-back gap Gmlb. The position 

sensor processing algorithm for the front magnet gap is 

the same as for each side magnet above. 

The front magnet gap Gr is determined using Equation 
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4, as shown below: 

Gr = Gm~ - offset (Eq. 4) 

Knowing the front gap Gr and the constant total gap 

Gt, the back gap ~ is determined using Equation 5, as 

shown below: 

(Eq. 5) 

Figure 9: Hardware Implementation 
of the Force-Estimation Processor 310 

yigure 9 shows a detailed circuit diagram of a 

hardware implementation of the force-estimation processor 

310 of Fiqure.5 for computing the force estimate for 

driving a pair of magnets. The circuit is designed to be 

easily configured for either Front-To-Back or Side-To­

Side Operation by setting a jumper shown in Figure 9A to 

either S/S for side-to-side or F/B for front-to-back, as 

shown. 

Side-to-Side Gans: 

The jumper is set to S/S for side-to-side position. 

A Left Side Magnet Gap Gu: 

The operational amplifiers Ul-A and Ul-B process the 

gap information for a left side magnet 150a in Figure 7 
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using Equation 3. 

Gap 1 represents a measured left side gap signal Gin1a 

and is a voltage output provided directly from the left 

side position sensor llOa in Figure 7. The measured left 

side gap signal GmJs is scaled to give a o to 10 volt 

.signal proportional to a O to 10 millimeter gap. The 
.. 

operational amplifier Ul-A has a potentiometer Pl 

associated therewith that is adjusted to calibrate the 

measured left side gap signal Gm1.s, so that the voltage at 

test point node TPl equals a negative of the measured 

offset between the position sensor and the magnet gap. 

The output from the operational amplifier Ul-A represents 

a negative an actual left side magnet gap -Gb. 

The operational amplifier Ul-A is conf iqured as a 

summing junction computing: 

where a left offset voltage L0"1ct is negative. In· 

addition, the operational amplifier Ul-A provides a 

single pole lag filter having a capacitor C20 and a 

resistor R2 with a breakpoint set at 30 Hz to reduce 

noise. The operational amplifier Ul-B is a unity gain 

inverting amplifier. The output of the operational 

amplifier Ul-B represents an actual left side magnet gap 
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A Right Side Magnet Gap Gn: 

Operational amplifiers Ul-C and Ul-D process the gap 

information for a right side magnet 150b, shown in Figure 

7, using Equation 4. Gap 2 represents a measured right 

side gap signal Gmn and is the voltage output directly 

from the right side position sensor llOb. Similar to the 

calibration discussed above, the operational amplifier 

Ul-C has a potentiometer P2 that is adjusted to calibrate 

the measured right side gap signal Gmt'S, so that the 

voltage at a test point node TP2 equals the negative of 

the measured offset between the position sensor and the 

magnet gap. The output from the operational amplifier 

Ul-0 represents an actual· right side magnet gap G .... 

Front-To-Back Gaps: 

The jumper is set to F/B for front-to-back position~ 

A Front Magnet Gap Gr: 

The operational amplifiers Ul-A and Ul-B process the 

gap information for a front magnet 150c shown in Figure 8 

using Equation 5. Gap 1 represents a measured front-to-
. 

back gap signal Gmfti and is the voltage output directly 

from the position sensor llOc. Calibration by adjustment 

of Pl is ·the same as for the left side magnet 150a 

(Figure 7), as discussed above. The output from the 

operational amplifier Ul-B is an actual front magnet gap · 
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A Back Magnet Gap Gb: 

The operational amplifiers Ul-C and Ul-D process the 

gap information for a back magnet lSOd using a 

combination of Equation 5 and Equation 6 shown below. 

The circuit in Figure 9 processes the actual back magnet 

gap Gb using Equations 4 and 5, as follows: 

Gr = Gmfti - off set (Eq. 4) 

and 

(Eq. 5) 

Substituting the actual front magnet gap Gr from Equation 

4 into Equation 5 yields:.: 

Gt - Gb = Gmtb - off set 

Solving for the actual back magnet gap ~ yields: 

(Eq. 6) 

Because there is only one sensor, the Gap 2 _input is 

connected to the Gap 1 input, and this is.the voltage 

output directly from the sole front-to-back position 

sensor 110c in Figure a. The sensor output is scaled to 

give a O to 10 volt signal equal to a o to 10 millimeter 

gap. To calibrate the" position processing, the 

potentiometer P2 is adjusted so that the voltage at node 

TP2 eqtials a minus of a sum of the constant total gap G1. 

and the measured front-to-back of.f set Gmftt between the 
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position sensor llOc and the magnet gap. The output from 

the operational amplifier Ul-C then becomes the back gap 

Gb. 

The operational amplifier Ul-C is configured as a 

summing junction computing the actual back magnet gap ~ 

o·f Equation 6. 

In addition, the operational amplifier Ul-C provides 

a single pole lag filter having a capacitor C21 and a 

resistor Rl with a breakpoint set at 30 Hz to reduce 

noise. The operational amplifier Ul-D is jumpered-out 

(i.e. disabled) for the front-to-back configuration. 

Force Estimation Network: 

i Once the gap has been successfully processed, the 

resulting signals must be processed with the 

corresponding sensed or command currents for the magnets 

to generate force estimates by using AD534 multipliers 

U2, U3, U4 and us. 
For the given values of .the proportionality constant 

Kmag above, the current sense signal must be scaled to 1 

volt per Ampere. If the available current sensed signal 

is scaled differently, the proportionality constant ~ 

would be adjusted accordingly by recalculating Equation 1 

for the given data. 

The AD534 multipliers U2, UJ, U4 and US with the 

following transfe~ function are used to divide the 

measured current Imcq by the actual magnet gap Gauc: 
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(Xl-X2) * (Yl-Y2) = 10 * (Zl-Z2) (Eq. 7) I 

where X1, X2, Yl, Y2, Zl, Z2 represent the inputs for the 

AD534 multipliers U2, U3, U4, US. 

By setting the X2, Yl and Z2 inputs to zero, 

Eqlllation 7 yields: 

Y2 = -10 * Zl/Xl (Eq. 8) 

As shown in Figure 9A, the measured current signal 

Imeu is fed into the Zl input and the actual magnet gap 

signal Gm11 is fed into the X1 input, and the output 

signal becomes: 

-10 * I /G mcu mag 

The output signal from the AD534 multiplier U2 is 

fed into the AD534 multiplier U4 to perform a squaring 

function. 

(X1-X2) * (Yl-Y2) = 10 * (Z1-Z2) (Eq. 7) 

Setting the X2, Y2 and Z2 inputs to zero and sending 

the signal lO*I/G to both the Xl and Yl inputs yields: 

Zl= 10 * I 2/G 2 
mc:a mac (Equivalent with scaling to Eq. 1) 
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The AD534 multipliers U2 and U3 divide the current 

by the gap signal. The ADS34 multipliers U4 and US are 

configured to square their input signals. The 

operational amplifier U6-A inverts the force estimate for 

channel 1, and the operational amplifier U6-B sums the 

two channels so that a positive signal represents the 

front (or Left Side) magnet force and a negative signal 

represents the back (or Right Side) magnet force. The 

operational amplifier U6-B is also configured .as a first 

order lag filter having a capacitor C22 and a resistor 

R23 with a breakpoint set to 300 Hz to reduce noise 

without significant phase loss at 30 Hz. The operational 

amplif i.er U6-B also scale~ the output, as explained 

below. 

Equation 1 determines the force in Newtons for the 

proportionality constant r<_, of 100 or 425 for the two 

different AMG magnets 160 shown in Figure 2. For a force 

feedback loop, the Force in Newtons must be scaled to a 

reasonable predetermined voltage range. Since the. front­

to-back magnet produces on the order of 650 Newtons, a 

reasonable output voltage might be 6.5 volts. In this 

case, the proportionality constant ~ would become 1, 

and the operational amplifier U6-B would be set to a gain 

of 1. The side-to-side magnet produces 1300 Newtons. If 

the output is scaled to 6.5 volts, then the 

proportionality constant ~ for the side-to-side magnet 

would become 425/200 or 2.125. In this case, the 
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operational amplifier U6-B would be set to a gain of 

2.1~5. The operational amplifier U6-C inverts this 

signal and provides it as the force-estimation processor 

sign~l from the force estimation processor 310 in Figure 

s. 

Figures 10-11: Position-Scheduled 
current Command Controller 400 

Figure 10 shows an embodiment of the invention in 

which the current command controller 200 has a position-

scheduled current command controller 210/400, which may 

be implemented in hardware or software. The scope of the 

invention is not intended to be limited to any particular 

embodiment of the position-scheduled current command 

controller 400, or whether it is implemented in hardware 

or software, or a combination thereof. 

In the embodiment shown in Figure 10, the position­

scheduled current command controller 400 is implemented 

in software using a microprocessor architecture similar 

to that shown in Figure 6. 

In Figure 10, the position-scheduled current 

controller 210/400 responds to the force command signal F4 

from the highest level contro~ (i.e., outer position 

and/or acceleration loop) and the sensed gap signal Gm 

fed back from a gap sensor 110 of the magnet pair of 

interest, and uses Equation l to determine and provide a 

position-scheduled current controller signal as a current 

command Ic to the magnet driver circuit 220. The 
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position-scheduled current controller 210/400 must 

determine the actual magnet gap signal GIMC from the 

sensed gap signal Gm, as discussed above. 

As also discussed above, the magnet driver circuit 

220 is known in the art of elevator ~ystems and similar 

to that discussed above with respect to Figure 5. 

In operation, the position-scheduled current command 

controller 210/400 receives the force command signal Fd, 

and the sensed gap signal Gm, and generates a position­

scheduled current command controller as the current 

command Ic to the magnet driver circuit 200, using a 

technique that requires the current output of the magnet 

driver circuit 220 to follow accurately the current 

comm.and signal Ic· The method for controlling may include 

the following steps: 

Step l: Determine the magnet to energize 

Based on the sign of the desired force request, one 

can determine the appropriate electromagnet to energize. 

For example, a positive force indicates to energize the 

front or right side magnet, while a negative force 

indicates to energize the back or left side magnet. 

Step 2: Determine the actual magnet gap Gauc 

Determine from the measured gap sensors what the 

actual magnet gap Gm.oc for the specific magnet identified 

in Step 1. This position sensor processing follows the 
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same procedure as outlined in the prior discussion with 

respect to Figures 6 and 7 of the gap sensor processing 

algorithm. 

Step 3: Determine the command currents for the 
magnets 

Based on steps (1) and (2), determine the command 

currents for all magnets using the idealized model of 

Equ~tion·1 and the empirically derived magnet 

proportionality constant K.n.c, that is, 

Ic = square root ( F d/~) * Gmac 

Attached as Table 1 at the end of the specification 

is the software code for the position-scheduled current 

command controller 210/400. 

Figure ll shows the position-scheduled current 

command controller 210/400 in combination with the 

position and acceleration feedback control 300 

cor~esponding to reference numeral 130 in Figure 2, 

magnets lSOc, lSOd in Figure a, position sensor llOc in 

Figure 8 and a magnet driver 500 similar to the magnet 

driver circuit 200 in Figure 10. As shown, the magnet 

driver circuit 500 responds to the current command signal 

Ic, which represents a position-scheduled current command, 

and provides a magnet driver signal to magnets 150c, lSOd 

for front-to-back control of an elevator car (not shown). 

The magnet driver circuit 500 includes a pair of diodes 
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50~, 504, an inverter 506, two comparators 508, 510, 

which are simultaneously biased, lag filters 512, 514, 

amplifiers 516, 518, and nodes 520, 522 for feeding back 

left front-to-back signals l~ to the lag filters 512, 
I 

514. 

Figure 12: 

Figure 12 shows a graph of side-to-side AMG magnet 

performance used to derive the Equation i. 

In general, the two different magnet configurations 

of Figures 7 and a were tested in a testing rig that 

ho+ds the magnets a fixed distance from an elevator guide 

rail (reaction surface} in a static relationship. A 

fixture was equipped to measure a force produced using 

precision load cells and a magnetic field using Hall 

effect sensors while the magnet was energized with a DC . 

current. The exi>eriment was conducted for gaps from 2 to 

10 millimeters in 2 millimeter increments and currents 

from O to 20 Amperes in 2 Ampere increments. The data 

was analyzed and an empirical model of Force versus 

current and Gap was derived by curve fitting. Figure 12 

provides the graph of a set of data tested using the 

model of the derived Equation 1: 

where the Force represents a force signal scaled in 
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Newtons, K.n..c. represents a proportionality constant for a 

given magnet configuration, (100 for the smaller Front-

To-Back Axis AMG Magnet and 425 for the Larger Side-To-

Sid~ Axis AMG Magnet), Ic represents a desired force 

compensated current command signal scaled in Amperes, and 

Gmac (also referred to as Gmcu above) ~epresents the actual 

magnet gap between a pole face and a reaction surface 

scaled in millimeters. 

For a range of gaps between 2 to 10 millimeters and 

a range of magnet currents between o to 20 Amperes, 

within the rated force limits of the electromagnets, 

Equation l models the force generated within less than 

10% £rom the load cell measured force. The plot in 

Figure 12 is for the 1300 Newton Side-To-Side AMG magnet 

operating at a 6 millimeter air gap. The asterisk "*" in 
i 

Figure 12 indicates where the current measurements were 

taken. Both of these cases are outside the normal 

operating range of the system. This estimation error 

using current and gap is comparable to the error 

associated with the Hall effect sensor derived force 

estimation. These force errors are insignificant in 

active elevator suspension systems that typically have 

outer feedback loops (based on gap sensing and/or 

acceleration signals) closed around this inner force 

loop. 
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Scope of the Invention 

It will thus be seen that the objects set forth 

above, and those made apparent from the preceding 

description, are efficiently attained and, since certain 
I 

changes may be made in the above construction without 

departing from the scope of the invention, it is intended 

tha~ all matter contained in the above description or 

shown in the accompanying drawings shall be interpreted 

as illustrative and not in a limiting sense. 

It should be realized that the position and feedback 

controllers 130, 300 of Figures 2 and 11, respectively, 

may take forms other than indicated, e.g., according to a 

"learned-rail" approach shown in U.S. Serial No. 

08/292,660, as well as that disclosed in U.S. Patent Nos. 

5,294,757; 5,304,751 and 5,JOS,938. 

Other applications include any system that uses an 

electromagnet to produce a force across a large air gap. 

The.electromagnet force may be either attractive or 
\ 

repulsive. Specific applications are envisioned in the 

field of magnetic levitation trains or shuttles, and 

magnetic bearings. 

It is also to be understood that the following 

claims are intended to cover all of the generic and 

specific features of the invention herein described and 

all statements of the scope of the invention which, as a 

matter of language, might be said to fall therebetween. 
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··. 

TABLE 1 
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•• FOR USE WITH BORLANDC C++ or TC++ ... 
•• COMPUTER: PC 
•• 
••MODULE PURPOSE: Program for daca acquistion of."16" single ended 
• • · analog channels of d.ita from a Metro Byte DAS-20 board and 
•• drive "6" channels of magnets using lhe DDA06 Analog oulpul 
•• c:ird. Second DDA06 is used for diagnostic purposes.. · 

- UNPUBLISHED WORK -

c 1996 Otis Elevator company 
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.. 
•• 
•• 

Da1;1 10 Ix: acquired at 11~~1 ddin~d 1a1c ~1s111g the 
DAS-20 progr:1inmahlc 1imcr. This version ac:quircs data 
under prorg:un control. The tirsl channel is synced 1q 

•• 
•• 

the progr:unable timer and all following channels :irc·1akcn 
immediately . 

•• 
••using lvtED!UM memory model 
•• Vscs project file tbat includes TC_ALLOC.C and DAS20CM.LIB ... 
·~Copy.right - United Technologies Research Center ... 
...•..•.••......•.....•..........•...................................... , 
#includ<?. <conio.h> 
#include <stdio.h> 
#include <stdlib.h> 
#include <alloc.h> 
#include <math.h> 
#include <dos.h> 

II clrscr() getch() kbhit() 
II printf() fopen() fclosc() ssc.inf() FILE 
II exit() 
JI farcorleftO farcallocO farfrec() 
JI sin() M_Pl fabs() 

II delay 

extern int das2~(inl, int*}~ II declare CALL structure 

#define BUFFERL 
#define BUFFER 
#define DAS_ADDR 
#define ODA06.:.ADDR 

101 
10 
OXJIO 

OX330 
#define DDA06_ADDR1 OX3~0 

#define NUM_:CHA.i.'\lS 
#define CONFIG_COEFS 

16 
16 

#define CAL_COEFS 7 
#define SS_STATE_COEFS 40 
#define SS_PIDM_COEFS 20 
#define SS_LAG_COEFS · 40 
#define SS_PLAG_COEFS 40 
#define FB_STATE_COEFS 80 
#define FB_PIDM_COEFS 80 
#define FB_LAG_COEFS 80 
#define FB_PLAG_COEFS 40 
#define GLAG_COEFS 80 

,.,,. 

GLOBAL V ARIA,BLES 

II DAS-20 base address 
II DDA06 base address 
II DDA06.-l base address 

********•••••••••*•······················································ 
*/ 
int Par:ims[ 16]; 
int Flag; 
ii;it Mode; 

,. 
••·••·••••••········•············•·••·•·············••··•·••·••·········· 

DEFINE FUNCTIONS 
··················~······················································· 



., 
\·oiJ gc1 _ ..:h;111s _g:1111sO: 
void rc;1d_co11lig_lil(): 
void rc:id_c:il_!il(): 
void rc:1d_pos_lilO: 
void rcad_acc_lil(); 
void rc:id_ss_slalc_fil{); 
void ·rc.1d_ss_pidm_fil(); 
void rc.1d_ss_!:ig_mo: 
void read_ss_plag_fil(); . 
void read_fb_stale_lil(); 

. void rcad_(b_pidm_lil(); 
void· read_tb_lag_fil(); . 
void re:id_tb_plag_fil(); 
void read_glag_fil(); 
voi4 ioil_das20·0; 
void init_dda06(); 
void define_qucue(); 
void set_block_timer_frcq(); 
void ss_control(); 
void fb_control(); 
void ss_gap_filter(); 
void tb_gap_fiher(); 
void analog_out(); 
void a1ialog_ oul 1 (); 

,. 

MAIN PROGRA.i\1 

•/ 
main( void) 
{ 

register i: 

i~l samples_per_sec; 
int toggle; 
int base; 
inl tcmppos; 

int ch:ins[NUM_CHANSl; 
int gains[NUM_CHANS); 
int temp_data(NUM_CHANS}; 
inl lemp_chan_data[NUM_CHANS); 
int map I [BUFFER}; 
int bl(b_magnet_cmd[BUFFER}: 
inl bss_m~gnet_cmd(BUFFERJ: 
inl tss_magnct_cmd[BUFFER); 
int brtb_magnet_cmd[BUFFERJ; 
int tltb_magnct_cmd(BUFFERI; 
int trllJ_m:ignct_cmd{BUFFER); 
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111i!;ig11cd 1111 d111a_dc~t_scg: 

39 

llo:u C_IO_\' = I0./21JH: 
llo:1t \•to c.= 2047./IO: 
llo:1t k~s ~= K.3"7; // l-'25 • l.6"2(NVJI t p30(N/V.)I 
110:11 kfu = 3.94; II [ 100 • 1.6"2(AIV)I / [65 (NIV)I . 
lloal chO_v, blf_gap_mm, blf_gap_err; 
floatchl_v, bls_gap_mm. bls_gap_err; 
float ch2_ v •. brf_gap_mm, brf_gap_err; 
float ch3_v, brs_gap_mm; 
float ch4_v. llf;_gap_mm, llf_gap_err; · 
floa~ ch5~v. tls_gap_mm, tls_gap_err; 
float ch6_v, trf_gap_mm, trf_gap_err; 
float ch7 _ v, trs_gap_mm ; 
float ch8 _ v; 

• float ch9 _ v; 
float ch 10 _ v; 
float chi l_v; 
float chILv; 
float chl3_v; 
flpat chl4 _ v; 
float chl5_v; 

flo:1t config[CONF!G _ COEFSJ: 

floar bUb_cal_coeflCAL_ COEFSI: 
float bls_cal_coeflCAL_COEFSJ: 
float brfb_cal_coeflCAL_COEFSJ; 
float brs_cal_coeqCAL_COEFS]~ 
float Llfb_cal_cocqCAL_COEFSJ; 
floal tls_cal_coeftCAL_COEFSJ; . 
float trtb_cal_coef(CAL_COEFS); .. 
float trs_cal_coef[CAL_COEFSJ; 

float ss_state_coefs[SS_ST A TE_ COEFS]; 
float ss_pidm_coefs[SS_PIDM_ COEFS]; 
float ss_lag_coefs(SS_LAG_COEFS]; 
float ss_plag_coefs{SS_PLAG_ COEFS); 
float tb_state_coefs[FB _ST A TE_ COEFS]; 
float tb_pidm_coefs[FB_PIDM_COEFS]; 

. . float fb_lag_coefs{FB_LAG_COEFS); 
float fb_plag_coefs[FB_PLAG_COEFSJ; 
~oat glag_coefs[GLAG_COEFSJ; 

inl '"chO; 
int •chi; 
int '"ch2; 
int •chJ; 
int "ch4; 
int •ch5; 
int '"ch6: 
int •ch7, 
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1111 •d1'J; 
inl •ch Hl: 
i111 •ch 11; 

int •ch 12: 
inl •chl3; 
int •ch l~; 
int ··chl5; 

float •ss_cmd_v; 
float • tb _ cmd _ v; 
float •filtcrcd_gaps; 
init_ dda<16(); 

clrscr(); 
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II READ CONTROL COEFFICIENTS DAT A FROM DISK 

read_ config_fil( &config); 

rcad_cal_fil(&bltb_cal_coef.&bls_cal_coef.&brfu_cal_coef,&brs_cal_coef, 
&tlfb _cal_ cocf,&tls _cal_ coef,&trtb _cal_ coef,&trs _cal_ coef); 

rc:id_ss_state_fil(&ss_state_coefs); 
rcad_ss_pidm_fil(&ss_pidm_coefs); 
rcad_ss_lag_til(&ss_tag_cocfs); 
rcad_ss_plag_fil(&ss_plag_coefs); 
rcad_fb_state_fil(&tb_state_coefs); 
rpad_fb_pidm_fil(&tb_pidm~cocfs); 
rcad_tb_lag_fil(&fb_lag_coefs): 
rcad_fb_plag_fil(&fb_plag_cocfs); 
rcad_glag_fil(&glag_coefs); 

$CJ.mplcs_per_sec =(int) conftg[O}; 

init_das20(); 
get_chans_gains(chans,gains); 
dcfine_qucue{chans.gains,NUM_CHANS); 
set_block_timer_freq(samples_per_sec); 

if (((int *) chO = calloc(BUFFERL.sizeof(int))) ==NULL) 
{ 

} 

printf ("ERROR Alloc:lting memory for CHAJ'\e'NEL O"); 
cxit(-l); 

if (((int *) ch 1 = calloc(BUFFERL,sizeof(int})) = NULL) 
{ . . 

printf ("ERROR Allocating memory for CHANNEL l "); 
cxit(-1); · ···· ··· · · · · 

} 
~r (((int"•) ch2 = calloc(BUFFERL,sizcof(int))) =NULL) 
( 

printf ("ERROR Alloc:11i11~ 11\ClllOC)' for CHA.NNEL 2")·. 
cxil( -1 ); 
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if (((inc •) chJ = C..1lloc(l3UFFERL,sizcof(in1))) == NULi.) 
( . 

princr ("ERROR Allocating mcmOI)' for CHANNEL 3"); 
cxil(-1 }; · 

} 
if {((inc •) ch4 = calloc(BUFFERL,sizcof(inl})} ==NULL) 
{ . 

priutf ("ERROR Allocating memory for CHANNEL 4 "); 
ex:it(-1); • 

} 
if {((inl •) ch5 = calloc(BUFFERL,sizeof(in~})) ==NULL) · 

~ 
' printf ("ERROR Allocating memory for CHANNEL 5"); 

ex:it(-1); 
} 
if (({int •) ch6 = calloc(BUFFERL,sizeof(int))) == NULL) 
{ 

} 

print! ("ERROR Allocating memory for CHANNEL 6"); 
ex:it(-1); 

if (({int *) ch.7 = calloc(BUFFERL,siz.cof(inl))) ==NULL) 
{ 

printf ("ERROR Allocating memory for CHA?l.'NEL 7"): 
. ex:it(-1); 

} . . 
if (((int *) chS = calloc(BUFFERL,sizeof(int))) ==NULL) 
{ 

printf ("ERROR Allocating memory for CHAl'-."l'."EL 8")~ 
ex:it(-1 ); 

} 
if (((int *) ch9 = call0c(BUFFERL,sizeof(int))) ==NULL) 
{ 

printf ("ERROR Allocating memory for CHANNEL 9"); 
; ex:it(-1); 
) 
if (((int *) ch 10 = calloc(BUFFERL,sizeof(int))) ==NULL) 
{ 

printf ("ERROR Allocating memory for CHANNEL 10"); 
ex:it(-1 ); ·· 

} 
if (((int *) ch 11 = calloc(BUFFERL,sizeof(int))) == NULL) 
{ . 

} 

printf ("ERROR Allocaling memory for CHANNEL l l "); 
exit(-1); 

if"(((int •)ch 12 = calloc;(BUFFERL,sizeof(int))) =NULL) 
{ . 

prlntf ("ERROR Allocating memory for CHANNEL Ir); 
cxit(-1); · 

} 
if (((int •) ch 13 = calloc(BllFFERL.sizeof(int))) =NULL) 
( . 

prinlf("ERROR Altocating memory for CHANNEi:. 13"): 
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exit(- I); 
) 
if (((int •)ch I_.= c:Jlloc(BUFFERL.sizcof(int))) == NU~L) 

{ . 
printf("ERROR Allocating memory for CHANNEL 1-'"); 
cxit(-1 ); 

} 
if (((int•) ch IS= catloc(BUFFERL,siz.cof(inl))) ==NULL) 
{ 

. } 

printf("ERROR Allocating memory for CHANNEL 15"); 
exit(-1); 

if((dma.)ctual_seg =TC_alloc(2•NUM_CHANS, &dma_dest_seg)) == 65535) 
{ 

print! ("\n\t Cannot Allocate Buffer"); 
exit(-1); 

} 
if (((int "') ss_cmd_ v = calloc(2,sizeof(float)}) ==NULL) 
{ i 

p:rintf ("ERROR Allocating memory for SS_CMD_ V"); 
exit(-1); · 

} 
if (((int*) fb_cmd_v = calloc(4,sizeof(float))) ==NULL) 
{ 

printf ("ERROR Allocating memory for FB _ CtvID _ V"); 
exit(-1): · 

} 
if(((in~ *) filtcrcd_gaps = calloc(S,sizcof(fioat))) =NULL)· 

·{ . 

printf ("ERROR Allocating memory for FlL TERED GAPS"): 
e.xit(-1 ); 

} 

II BLOCK SCAN FOR DATA 

Params(0}=2; II Number of times thru queue 
Params[l]=dma_actual_scg; II Pointer to address for data 
Para.r:ris[2]=2; II Internal trigger no gate 
Params(J]=O; II Recycle 
Flag= das20(21, Params); 

{ i 

if (Flag != 0) II Error if flag not 0 . 

prinl.f("\nMode.27: Error in call to block scan. Flag=°lcid\n", Flag); 
exit(-1); 

} 

toggle=l; 
base=O; 
i=O; 

do· 
{ 

//WAIT FOR COMPLETlON·OF SINGLE QUEUE PASS 



do 
( 

if ((Fl:ig = das20( 12.Par:uns)) ! =0) · 
( 
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printf ("\n\t Mode 12: Error monitoring conversions. fl:ig-='X.d". 

} 

Fl:ig); . 
printf ("\n\t Conversion %u",Params{2J); 
exit(· I); 

}while (Params[2} != NUM_CHANS *toggle); II Wail for.ND conversions 

II READ CONVERSIONS INTO TElv1PORARY ARRAY 

Params(O)=NUM_CHANS; II Number of channels 
Params[l]=dma_actual_seg; II Pointer to address for data 
Params[2}=base; II Offset address for source data 
Params[3}=offadr(temp_data); II Where to put data 
Params[4}=offadr(temp_cha.n_data);// Where to put channel data 
Params{S]=l; II Bipolar data 
Params[6}=0; II No SSH-4 .. . 
Flag = das20( 13, Params); 
if (Flag != 0) II Error if flag not 0 
{ 

prinlf("\n\tMode 13: Error Rem:ivi1igd:lla form memory. Flag=%.d\nM, 
Flag); . 

exit(·l); 
} 

/fREAD TEMPORARY ARRAY INTO FINAL ARRAYS 

•(chO+i) = lemp_data[O); 
•(chl+i) = temp_data(l]; 
•(ch2+i) = temp_data[2}; 
•(ch3+i) = temp_data[J]; 
*(ch4+i) = temp_data[4]; 
*(ch5+i) = temp_data(5); 
*(ch6+i) = temp_data[6); 
•(ch7+i) = temp_data[7}; 
*(ch8+i) = temp_data[S}; 
•(ch9+i) = temp_data[9); 
*(chlO+i) = tcmp_data[lO]; 
•(chll+i) = temp_data[ll]; 
•"(ch 12+i) = temp_data{ 121; 
*(chl3+i) = temp_data{l3J; 
*(chl4+i) = temp_data(l4l; 
*(chlS+i) = temp_data[l5}; 

/* Generate Square Waye co check Timing. Wave will be HIGH (SV) 
for l/s:implcs_per_see and LOW for l/s.·unplcs_J>Cr_scc. l.E. 
St1uarc Wave will be 1/2 Sample R.1te Frequency. 

*/ 



44 

map II i I = IOH • hlggll:; 

/IFlRST LINEARIZE AND NOl~MALIZc THE GAP SENSORS. 

chO v = c to v • (•(chO+i)): 
bl(_$ap_mm ~ chO_v • chO_v • chO_v .• thO_v • bllb_cal_cocijOJ + 

chO_v • chO_v • chO_v • bllb_cal_cocfl.ll + 
chO_v "'chO_v • bllb_cal_cocfl2l + 
cbO_v • bU'o_cal_cocflJ} + 

bllb_cal_codl4l + 
0.5 • bllb_cal_coe1151 ; 

blf_gap_err = blf_gap_mm - 0.5 "'blfb_cal_coeflSJ; 

chl_v = c_to_v * (*(chl+i)); 
bls_gap_mm = chl_v * chl_v * chl_v * chl_v • bls_cal_coef[O) + 

chl_v * chl_v * chl_v • bls_cal_cocf[l} + 
chl_v • chl_v • bls_cal_cocf{2} + 

chl_v * bls_cal_coef{3) + 
bls_cal_cocft4) ; 

ch2_ v = c_to_ v • (•(ch2+i)); 
brf_gap_mm =ch2_v • chl_v • ch2_v ~ chl_v • brib_cal_coc!l.OI + 

o.s * 

ch2_v • ch2_v • ch2_v • brtb_cai:._cocql} + 
ch2_v * ch2_v • brtb_cal_cocf[2] + 
ch2_v • brib_cal_coct13J + 

brtb_cal_coef[4) + · 
brlb_cal_cocf[S) ; 

brf_gap_err = brf_gap_mm - O.S • brtb_cal_coet1S]; 

ch3_v = c_to_v • (*(ch3+i)); 
brs_gap_mm = ch3_v • ch3_v • ch3_v • ch3_v • brs_cal_coef[OI + 

ch3 v • ch3 v • ch3 v * brs cal cocf[l l + 
ch(v • ch(v - • brs_cal_cckft2J°+ 

ch3_v * brs_cal_coef[3l + 
brs_cal_coeft4); · 

ch4_v = c_to_v * (*(ch4+i)); 
tlf_gap_mm = ch4_v • ch4_v • ch4_v • ch4_v • tlib_cal_coef[O) + 

0.5 • 

ch4_v • ch4_v • ch4_v .* tllb_c:il_cocf(l} + 
ch4_v • ch4 v "'tlfb_cal_coef[21 + 
ch~ v . • Ulb.:_ei1.:.c0ef[3J + 

tllb_cal_cocf{4) + 
tllb_c:il_cocf[5l; 

tlf_g:ip_crr = tlf_g:ip_mm - 0.5 • tllb_c:il_cocf{S); 
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ch5_v = C_IO_\' • ("(.;h:'\l·il). 

1l!;_gap_111111 = chS " • ch5 ,. • chS ,. • ch5 ,. •tis cal cocf!UI + 
- ch5_,:- • ch5_~ • ch5_~ :lls~c:ti_cocilll i· 

ch)_\' • ch5_,. • 1ls_cal_codl2l + 

chS_v • 1ls_cal_co.:f!JI + 

1ls_c:il_cocl'{~I; 

.. 
ch6_v = c_to_v • (•(ch6+i)); 
trf_gap_mm = ch6_v • ch6_v • ~h6_v • ch6_v • lrtb_cal_cocf{Ol + 

ch6_,. • ch6_v • ch6_v • trtb_~l_cocf[ll + 
ch6_v • c~6_,, • trtb_cal_cocfI2l + 
ch6_,. • trlb_~l_cocfI3l + 

trfu_cal_cocfl4l + 
O.S • trtb_cal_coef[S) ; 

i . 

frf_gap_err·= trf_gap_mm - 0.5 • trtb_cal_coeft:SI; 

ch7_v =c_to_v•(•(ch7+i}); 
trs_gap_mm = ch7_v • ch7_" • ch7_v • ch7_v • crs_cal_coef[O] + 

ch7_" • ch7_v • ch7_v • trs_cal_coef[l] + 
ch7_v • ch7_v * trs_cal_coef'{2] + 
ch7_\' • trs_cal_cocf{3] + 

trs_cal_coct14J; 

II Send Out Linearized Gaps l'or Diagnostic Purposes 

temppos =(int) v _to_c "'btr_g:ip_crr~ 
analog_ out I ( l,temppos); 
temppos =(int) v_tD_c '"brf_gap_err: 
analog_ out l (2, temppos); 
temppos =(int) v_to_c • tlf_g:ip_crr; 
analog_ out l( 4,temppos); 
temppos ={int) v_to_c'" trf_gap_crr; 
analog_outl{O,temppos); 

i 
II zero Offset on ACCELEROMETERS 

if{i==O) • 

{ 
b11b_cal_coef[6] = c_to_v • ('"(cnS+i)); 
bls_cal_coef[6] = c_to_v • (*(ch9+i)); 
brtb_cal_coef{6] = c_to_v • (*(chlO+i)}; 
tUb_cal_coet16J = c_to_v.• (*(chl l+i)); 
tls_cal_coef161 = c_to_v • (*(chl2+i)); 
trfb_cal_coeq6] = c_to_ v • ('"(ch q+i)); 

} . 
chS_v = (c_to_v * c•(chS+i) )) -bltb_cal_cocf[GJ; 

.ch9_v = (c_to_v. c·cch9+i))} -bls_cal_cocf(6}; 

chlO_v = (c_to_v • (*(chlO+i)))-brfb_cal_cocf[61; 

ch 11 _v = (c_to_" •("'(ch 11 +i))) - 1lfb_cal_cocf16l: 
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i ch I-~ ' 
. d1I; ' 

(.; ·'" \" • I 'kid.~ ··11)>. 11 .. _ .. :1l_coclJ1ij. 
Cc·'",.• ("(d111•1)l1-111h_cal __ c(ld"{(1I. 

// l.cf1 S1~k l\.h1111s !light Side is l11s.::11s11i,·I! 10 Ch;mgcs in DOG 
hls_g:1p ___ crr = tl>ls_~:1p_111111. brs_gap_111111)/2 -bls_gap_111111; 
1ls_g:ip_crr == (lls_gap_mm - us_g:ip_mm)/2 -1ls_g:-ip_m111; 

//CALL SIDE TO SIDE PIO CONTROLLER 
ss_ controI(ss_ cmd:_ v,bls_gap _ crr,tls_g:ip_ err, 

ch9 _v,ch12_v, 
· ss_statc_cocfs,ss_pidm_coefs, 

ss_lag_cocfs~ssj>l<Jg_cocfs,i); 

//CALL FRONT TO BACK PIO CONTROLLER 
lb_control(lb_cmd_v,blf_gap_err,brf_gap_err, 

tlf_gap_err,trf_gap_err, 
ch8_v,chlO_v,chl l_v,chl3_v, 
lb_ state_ cocfs,lb _pidm _ coefs, 

lb_ lag_ coefs, lb _plag_ coefs,i); 

/JFlL TER GAP READINGS TO COMPUTE CURRENT. CONTROL 
ss:_gap _filter( filtered _gaps.bis _g3p _mm,brs_gap _mm, 

tls_gap_mm,trs_g:ip_mm, 
glag_cocfs.i); · · 

1b_gap_fil1cr(filtcrcd_gaps,bl_f_gap_mm,brf_gap_1tun, 
1lf_g:ip_mm,1rf_gap_mm. 
glag_ co.!fs,i); 

bls_gap_mm = *(fillercd_gaps~)~ 
brs_gap_mm = o1i(filtered_gaps+l): 
1ls_gap_mm = *(filtcred_gaps+2); 
us_g::ip_mm = •(filtcrcd_gaps+3); 

/I blf_gap_mm = *(filtercd_gaps+4); 
II brf_gap_mm = *(liltercd_gaps+S)·, 
II llf_gap_mm = *(filtered_gaps+6); 
// trf_gap_mm = *{fillcrcd_gaps+7); 

I/ADD INJECTED FORCE SIGNAL TO CLOSED LOOP FORCE COtvlMANO 
chl4_v = c_1o_v • ("(chl4+i)); II diagnostic for force injection 

•css_cmd_v ) = •(ss_cmd_v ) + chl4_v • config(l 1);. 
; *(ss_cmd_v+l) = *(ss_cmd_\·+l) + cht4_v • config[l4]; 

II *(ss-:cmd_v+l) = chl4_v • config(l4l; 

•(fb_cmd_v ) = *(lb_cmd_v ) + chl4_v • config(IOI; 
•(fb_cmd_ v+l) = *(lb_cnid_ ,·+I)+ ch 14 _v • config( l2J; . 

. *(!b _cmd_ v+2) = •(fb_cmd_ \"+2) +ch l~ _ v • configf 13 I: 
"(!b_ cmd_ v+ J) = "(fb_c1nd_ \"+ )) +ch 14 _ v • contig[ l SJ; 
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.'lSI WI ''I Alfi ,. 

., 

·I • 

} 

s1:111 _i;:1111 "' 1/ 5; 
•(ss_cmd_v) = •(ss_cmd_\') • s1ar1_gai11; 
'{ss __ c111<l_\'H) = ·css_cmd_\'·H) • start_gain; 
•c1~_cmd ... v) = •(lb_cmd_v) • st:ut_gain; 
•(lb.:,cmd_v+l) = •clb_cmd_v+l) • start_gain; 
•(fb_cmd_v+2) = •clb_cmd_v+2) • stan_gain; 
•(fb_cmd_:v+3) = '"(lb_cmd_v+3) • start_gain; 

t• SIDE TO SiDE CURRENT CONTROL 
ss_cmd_v is the volts equivalent fo~ Force in newtons. 
The conversion is 130 NN . .. , 
II Bottom 
if( *(ss_cmd_v ) <O) II Use right hand side magnet 
{ 

*(ss_cmd_v ) = -1 • c•css_cmd_v} t 
•css_cmd_v ) = -1.2 * fabs(brs_gap_mm) •sqrt( *(ss_cmd_v)/kss}; 

} 
else II Use left hand side magnet 
{ 

·css_cmd_v ) = 1.2 • fabs(bls_gap_mm) ~:sqrt( '"(ss_cmd_v}/kss): 

fl Top! 
if ( '"(ss_cmd_v+I) <u} II Use rigl11 ~and side magnet 
{ 

·css_cmd_v+l) = -l • ('"(ss_cmd_v+l) ); 
•css_cmd_v+l) = -1.27 • fabs(lrs_gap_mm) •sqrt( *(ss_cmd_v+l)/kss)~ 

} 
else 
{ 

II {}se ten hal\d side magnet 

'"(ss_cmd_v+l) = l.27 • fabs(tls_gap_rnm) •sqrt( *(ss_cmd_v+l)/kss); 
} 

t• FRONT TO BACK CURRENT CONTROL 
lb_cmd_v is the volts equivalent for Force in newtons. 
The con\'crsion is 65 NN . . , 
II Bottom Len 
if( "(lb_cmd_v ) <O) // Use Back Magnet 

. { 
'"(!b_cmd_v ) = -1 ·• _{'"(fu_cmd_v )); . 
*(Ib_cmd_v ) = -l • (bl!b_cal_cocflS) ··blfJap.:;mm -config[l)) • 

_sqrt(~(Cb_cmd_,. )/k1b); 

else 
( 

II Use F ro111 Magnel 

•cni_cuul_v ) = I • (blf_g:ip_.111111 - con(ig{21) • 
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~.q111 °tlh .. c111d __ \•)/klhl. 

,; l)l)lll)lll ll11;h1 
if { "{lh_cmtl_ ,. ,. l l -:u ) II Use 0:1c;k f\.l:1~11c1 

"llb_cmu_v·H) =·I • ("(lb_cmd_v+l) }; 
•(!b_c1mi_ v+ l) = -l " (brfu_c.1l_cocf(5( • brf_g:ip_mm • conlig[J I> • 

sqrt( •(fb_c:1t\d_v+l)/k1b); 

> 
else 

. 
II Use Front Magnet 

{ 
•(fu_cmd_v+l) = l • (brf_gap_mm-con!ig[4l) • 

sqrt( •(fb_cmd_v+l)lktb); 
} 

//Top Left 
if( *(l.b_cmd_v+2}<0)// UscBackMagnet 
{ 

•(Jb_cmd_v+2) = -1 • ('4'(1.b_emd_v+2) ); 
*({b_cmd_ v+2) = -1 • (tltb_t:il_coef{Sl - tlf_gap_mm - config[51) • 

sqi:t( *(l.b_cmd_v+2)1ktb); · ·· 
} 
else II Use Front Magnet 
{ 

'"(lb_cmd_v+l) = ! • (Llf_gap_mm -config[6}) • 
sqrt( •c1b_cmd_v+2)/k1b): 

//Top Right 
if( *(ib_cmd_\"+3) <O) II Use Back Magnet 
{ . 

•(fb_cmd_v+J) = -1. c·clb_ccnd_v+3) ); 
•(fb_cmd_v+3) = ·l • (trfb_cal_coef{5} - trf_gap_mm • config[7}) • 

sqn( "{1b_cmd_v+3)/kib); 
} . 
el5e // Use Front Magnet 
{ 

*(Ib_cmd_ v+J) = l • (trf_gap_mm - config(SJ) • 
sqrt( ·c1b_cmd_v+3)/k1b); 

bltb_magnct_cmd{i] = (int)v_to_c • (•(Jb_cmd_v)); 
bss_magnet_cmd(il = {int)v_to_c • (*(ss_cmd_v)); 
brib_magnct_cmdlil = (int)v_to_c • (•(fu_cmd_v+l)); 
tlfb_£!1:ignet_cmd[i} = (int)v_to_c • ("(fb_cmd_v+2)); 
tss_magnct_cmd(il ·=.(imJv_to_c.• c·css_cmd_v+l)): 
tr!b_magnct_cmd(il = (inl)v_lo_c. c·c!b_cmd_v+'J.)); 

//Scud Coutrol Outputs to M:tgnct Drivers 

a11;1lug.., 011t(O .bllb _magntt_ cmd,I i IL 



:i11alog_o111( l ,bss_mag11c1_cmdliD: 
ahalog_ 0111(2,brlb _magnc1 _ cmdl i I>: 
au:ilog_out(J ,1llb _111:1gnc1 _ cmd( i I); 
aualog_ oul( .i ,lss _magnct _ cmd[ i !); 
analog_ ouit5 ,trfu _ m:ignct _ cmd[ i J): 

//S.:nd_ these signals to the 0/ A for test purposes 

JI an:ilog_out(4,mapl{iJ); II timing 

llW AIT FOR NEXT TRIGGER 
do 

. { 
if ((Flag = das20( 12,Parall\s)} !=O) 
{ 

49. 

pr:inl.f ("\n\t Mode 12: Error monitoring conversions. Flag="/od". 
Flag); 

prinl.f ("\n\t Conversion %u",Par:uns(2)); 
exit(-1); 

! } . . 
}while (Params[2l == NUM_CHANS*togglc); II Wait for trigger 

if (toggle= I) 
{ 

} 
else 
{ 

togglc-=0; 
basc=Nmit_ CHANS: 

toggle= I; 
basc=O; 

i=l; 
}while(!kbhilO); 

II STOP D~tA OPERATION 

if ((Flag= das20{ 11,Params)) !=0} 
{ 

prinl.f ("\n\t Mode l l :Error stopping OMA. Flag=4/od" ,Flag); 
e:<.it(-1)~ 

} . 

II ZERO ALL ANALOG OUTPUTS 

init_ dda06(): 

TC_frcc(dma_actual_scg); 

free (chO); 
free (ch l ): 
free (ch2): 



free (~hJ); 
free (ch·'); 
free (ch5); 
free (ch()): 
frec,(ch7); 
fr~(chS); 
free (ch9); 
free (ch 10); 
free (ch 11); 
free (chl2); 

·free (chl3); 

return; 
} 
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/* 
**********#•************************************************************* 

GET_CHANS_GAINS: GETS CHANNELS AND GAIN DEFINITION· FOR SCAN QUEUE 

***************••························································ 
*/ 
void geL_chans_gains(chans,gains) 
int chans{l; 
int gains[J; 
{ 

int\i; 

for (i=O; i<NUM_CHANS; i++) 
{ . 

chans[i] = i; 
gains[il = l; 

} 
return; 

} 

/* 
······························•••*********************************•··~··· 

READ_CONFlG_FILE:. READS CONFIGURATION DATA FROM DISK 

*/ 

void re:id_con!i"g_fil(mapl) 
float *mapl; 

inti; 
inlj=20; 
noac tcmp_datal; 
char in_line(l81; 
FILE *data; 
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if (( J:11;i .: furk:n ('\:nf~i:ocr ll:n"."r")) .::= NULi.) 

I 
printf ("\11\t ERROR ! ! Could not open d:ua lih: CNFGCOEF.D1\"l\n"l. 
c.-.:i1 (-1); · • 

for (i=O; i<CONFlG_COEFS; ++i) 

{ I 

,. 

if(fgels (in_linc.j, data).= NULL) 
{ 

prinlf("\n\t ERROR REAOlNG CNFGCOEF.DAT !!''.); 
printf("\n\t Could not rc:id linco/od. \n",i+l); · 
exit(-l); 

} 

i((ssc::inf (in_linc, " o/oc ". 
&.tcmp_datal) != l) 

} 

} . 

. { 
print! ("\n\l ERROR REAOlNG CNFGCOEF.DAT !!"): 
printf ("\n\t Wrong format for line o/od. \n" ,i+ 1 ); 
c.:dl (-1): 

nmpl(il= tcmp_datal: 

fclose(data): 
return: 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

• .. READ_CAL_FlLE: READS SENSORCALlBRATION DATA FR.OM OCSK 

., 
void read_cal _fil(map 1,map2,m:ip3,map4,map5,map6,map7 ,mapS) 
float •mapl; 
.float •map2; 
floa~ •map3; 

. float •map4; 
float •mapS; 
float •m:ip6; 
float •map7; 
float •map8; 

{ 
i~t i; 

.intj=JSO; 
.noal temp_ da1.:1 t: 
float tcmp _ cbl..32; 
float temp_ data3; 
float temp_ da1a4; 
flo:ll tcm17_d;1taS; 
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lloat 1c111p _ l1;11;ic •. 
n1>al temp - da1:17 ·. 
noal IClllp _ ll:\1:1H. 
char i1i_linel l~lll. 
FILE •d:11:i; 

if (( d.1ta = fopcn ("c:ilcod4.dat" ."r")) ==NULL) 
{ 

printf("\n\t ERROR!! Could not open data file CALCOEF4.0A1\n"); 
exit (-l): 

} 

for (i=O; i<CAL_COEFS; ;t-+i) 
. { . 

} 

if (fgcts (in_tine, j, dat.a) == l'.'ULL) 
{ 

} 

prinl.f ("\n\t ERROR READING CALCOEF4.0AT !!"): 
print! ("\n\t Could not rC3d line o/od . \n" ,i+ I); 
exit (-l): 

if(ssca.n!(in_linc," %c o/oe %e %e. o/ae 0/ae o/oc o/ae ", 
&tcmp_datal, 

} 

&.ccmp _daca2, 
&:tcmp _dat:i3, 

· &.tcmp_daca4, 
&.tcmp _ data5. 
&.tcmp _ dat.a6, 
&temp _data1, 
&.temp_data8) != 8) 

{ 
printf("\n\t ERROR READING CALCOEF4.0AT !!"): 
printf ("\n\t Wrong format for line o/od. \n",i+l); 
exit (-l}; 

mapl[i]= temp_dacal; 
map2[il= temp_data2; 
map3[il= temp_data3; 
map4[i]= temp_data4; 
rp:lpS(il= temp_dacaS; 
map6{il= temp_data6; 
map7{i}= temp_data7; 
map8(il::=.temp_data8; 

} 
fclose(data); 
return; 

, .. 
··································•*•••••; •••......•....•••••.•••••••.••• 

READ SS STATE FILE: READS Side To Side STA TE COEFICIENTS FROM DCSK - - - . 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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., 
void read ss Slah.: Iii{ map I) 
no;,, • 111;1p I;- -

inti; 
intj=40; 
int offset; 
flo'at tcmp_data l; 
float tcmp_data2; 
char in_linc{49l; 
FILE •d.1ta; 

if ((data = fopcn ("ssstatcf.dal", !'r")) == NULL ) 
{ 

} 

printf ("\n\l ERROR ! ! Could not open data file SSST ATCF.DA 1\n"); 
e.xit (-1); 

offset= SS_STATE_COEFSll; 

for (i=O; i<offsct; ++i) 
{ 
. if (fgets (in_linc,j, data)== NULL) 
! { 

} 

,. 

} 

printf("\n\t ERROR READING SSSTATCF.DAT !!"); 
printf ("\n\l Could not read line o/od. \n",i+l); 
exit (-1); 

if (sscanf (in_line," o/oe %c " 
&temp_datal, 
&ternp_data2) != 2) 

{ 

} 

printf("\n\t ERROR READING SSSTATCF.DAT !!"); 
printf ("\n\t ERROR!! Wrong format for line o/od. \n",i+l); 
exit (-1); 

rnapl[i l = tcmp_datal; 
mapl[i+( offset)}= temp_data2; 

} 
fclose(data); 
rctum; 

·~·-···················*••*·······························•**••••········ 

READ _SS_PIDM_FILE: READS Side To Side PIDM COEFICIEFNTS FJlOM DISK 

•••••••••••••••••••••••••••••••••• : •••••••••••••••••••••••••••••••••••• 4. 

•/ 
void rc:id _ ss _pidm _ti l(map I) 
00:11 •map I ; 



i Ill i; 
int j=40: 
inl orrsct 
no:111cmp_dalal; 
noal tcmp _dal.'.12; 
char in_linc[.i9t 
Flll.E "'data; 
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if (( data = Copen ("sspidmcf.dat". "r")) == NULL ) 
{ 

printf ("\n\t ERROR !l Could not open data file SSPIOMCF.DA 1\n");. 
exit(-1); · 

} 

offset= SS_PIDM_COEFS/2; 

for (i=O; i<offset; ++i) 
{ 

} 

, .. 

if (fgets (in_line, j, data) ==NULL) 
{ 

} 

printf("\n\t ERROR READING SSPIDMCF.DAT !!"); 
prinlf ("\n\t Could not read line %d. \n",i+l); 
ex!t (-1); 

.if {sscanf (in_line, " o/oe o/oe " 

} 

· &temp_datal, 
&temp_data2) != 2) · 

{ 
prinlf (''\n\t ERROR READING SSPIDMCF.DAT !!"); 
prinlf ("\n\t ERROR!! Wrong format for line o/od. \n",i+l); 
cxit(-1); 

mapl[i 1 = tcmp~datal; 
mapl[i+( offset))= temp_data2; 

} 
fclose{da1.1); 
return; 

··········••************•····························••****************** 
RE~_ss_LAG_FILE: RE~S Side To Side LAG COEFICIEFNTS FROM DISK 

··················~······················································ 
•/ 
void rc:id.:_ss_lag_lil(map I) 
noat •mapl; 

( 
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i Ill i; 
int j=·rn: 
int oITsct; 
float lcmp_dam I; 
no:il tcmp_d.·ua2; 
char in_line[491; 
FlLE •data; 

if(( ~ta= fopen ("sslagcf.d:u"."r")) =NULL) 
{ 

.> 

print! ("\n\t ERROR!! Could not open data file SSLAGCF:DA 1\n"); 
exit (-1); 

offset= SS_LAG_COEFS/2; 

for (i=O; i<offsct; ;.;+i) 
{ 

} 

1• 

if (fgets (in_ line, j, data) ==NULL) 
{ 

print! ("\n\l ERROR REAPING SSLAGCF.DAT !!"); 
printf ("\n\l Cou!d not read line o/od . \n" ,i+ l); 
exit (-1); 

} 

if (sscanf (in_tinc." %e %c " 
&temp_data 1, 
&.temp_data2) != 2) 

} 

} 

{ ... 
print! ("\n\l ERROR READING SSLAGCF.DAT ! !"); 
printf ("\n\t ERROR!! Wrong format for line o/od. \n",i+l); 
exit (·l); 

mapl[i I= temp_datal; 
mapl[i+( offset)]= temp_d.ata2; 

fclose( data); 
return; 

READ_SS_PLAG_FII..E: READS Side To Side Position 
LAG COEFlClEFNTS FROM Disk 

······························································********••• 
•/ 
void re:id_ss_plag_fil(mapl) 
float •map I ; 

inti; 
int j=40; 



int offset: 
float temp_ cfat:i I ; 
111.l:tl lcmp_d:ita2; 
char in_lincl49l: 
f'ILE •data: 
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if (( dat.'l = fopcn ("ssplagcf.dat" ,"r")) == NULL ) 
{ . 

} 

print! ("\n\t ERROR!! Could not open data file SSPLAGCF.DA 1\n"): 
'exit (-l); 

offset= SS_PLAG_COEFS/2; 

for (i=O; i<offsct; ++i) 

{ . . 

} 

,. 

if (fgcts (in _line, j, data) == NULL) 
{ 

} 

print! ("\n\t ERROR READCNG SSPLAGCF.DAT !!"); 
print! ("\n\t Could not read line %d. \n",i+l): 
exit (-1); 

if (sscanf (in _line. " o/oe o/oc " 
&lemp_datal, 
&tcmp_data2) != 2) 

} 

pritttf ("\n\I. ERROR READlNG SSPLAGCF.DAT !!"): 
print! ("\n\t ERROR!! Wrong format for linc"%d. \n",i+l): 
e.xitH); 

mapl[i ] = (CIJlp_datal; 
mapl[i+( offset)]= temp_dat.a2;. 

} 
fclose(data); 
return; 

·································••*••••*•***•••••*•••******************* 

READ_FB_STATE_FlLE: READS Front to Back STATE COEFICIEFNTS FROM DISK 

·~ .. ** * * ***. * * * ** * ***•••···· ••••••••••••••• * ........ * •••• * * ........ ***'*****'*.* 
·'1/ 
void rcad_fb_st:uc_lil(mapl) 
float •map l: 

int i; 
intj=80; 
int ofTsct: 
float tcrnp _data I ; 



llo:it tcmp_d;1t.12; 
noat tcmp_dar;i3; 
noat tc111p_d:1ta4; 
ch::ar in_linc[99[:· 
FILE •d:11;1: 

I 
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if ((data = fopcn ("!bstatcf.dat" ,"r")) -== NULL) 
{ 

printf ("\n\t ERROR ! ! Could not open data file F~ST ATCF.DA Tul"); 
C.'<il (-1); 

} . 
offset= FB_STATE_COEFS/4; 

for (i=O; i<offset; ++i) 
{ 

} 

/* 

if (fgets (in_line, j, data) == NULL) 
{ 

} 

printf ("\n\t ERROR READlNG FBSTATCF.DAT !!"); 
prinl.f ("\n\t Could not read line o/od. \n",i+l); 
C.'<i t( -1 ); 

if (sscanf (in_linc." o/oe o/oe %e o/oe ", 
&temp_ data l, 

} 

&tcmp_data2. 
&.temp_data3, 
&.tcmp_data4) != ~) 

{ 
printf("\n\t ERROR READCNG FBSTATCF.DAT !!"); 
printf("\n\t ERROR!! Wrong format for line %d. \n",i+l); 
ex.it (-l); 

mapl[i 1 = temp_datal: 
mapl[i+( offset)] = temp_data2; 
mapl(i+(2•olfset)] = temp_dataJ; 
mapl(i+(3•olfset)} = temp_data4; 

} 
fclose(data); 
return; 

**************•********************************************************** 

_READ _FB _PCDM_FtLE: READS Front To Back PIDM COEFICIEFNTS FROM DI~K 

···········-····························································· 
*I . . 
vo_id re:id_tb_pidm_fil(mapl) 
float •map I: • 

{ 
int i; 



int j=:·m. 
int offs.:1. 
110:11 1.:111p _ da1:1 I: 
llo:lt tcmp_data2; 
llo:ll ll!llli> _ d:ll33: 
lloat tcmp_d;lt:l~; 
char in_lincl99l; 
FILE •data; 
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if(( data= fopen ("Cbpidmcf.dal","r")) =NULL) 

{ . . 
printf("\n\t ERROR!! Could not open data file FBPlDMCF.DA1\n"); 

. ·exil (-1); 
} 

offset= FB_PIDM_COEFS/4; 

for (i=O; i<offsct.; ++i) 
{ 

} 

,. 

if (fgclS (in_line. j, data) ==NULL) 
{ 

print! ("\n\t ERROR READING FBPIDMCF.DAT !!"); 
prinlf ("\n\t Could not read line o/od. \n",i+l); 
exit (-1); 

if (sscanf (in_line, " o/oe o/oe o/oe o/oe ", 
&tcmp_datal, 
&tcmp_data2, 
&tcmp _data3, 
&tcmp_data4) != 4) 

{ 
printf ("\n\t ERROR READlNG FBPIDMCF.DAT ! !"); 
printf ("\n\t ERROR!! Wrong format for line o/od. \n",i+l); 
e.xit (-1); 

} 
mapl[i ] = temp_datal; 
mapl[i+( offset)] =temp_data2; 
mapl[i+(2"'offset)] = temp_data3; 
mapl[i+{3"'otrset)] = t~mp_data4; 

} 
fclose(data); 
return; 

.• 

*****•··································································· 

~AD_FB_LAG_FILE: READS Front To"Back LAG COEFICrEFNTS FROM DISK 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ., 
voiii read_ fu _lag_ fil( map l) 



iloat • m:1p I; 

i Ill i; 
int·j=SO; 
int

0

otTsct; 
llo:it tcmp_d.·ua l; 
float tcmp_d.·ua2; 
floal tcmp_data3; 
float tcmp_data4; 
char in_linc{99}; 
Fll..E *'data; . 
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if {(data = fopen ("fblag~f.dat" ,"r")) == NULL ) 
{ 

.} 

printf ("\n\t ERROR!! Could not open data file FBLAGCF.DA'I\n"); 
exit (-1); 

offset = FB LAG COEFS/4; 
;· - -

for (i=O; i<offsct; ++i) 
{ 

. } 

if (fgcts (in_line, j, data)= NULL) 
{ 

} 

printf("\n\t ERROR READING FBLAGCF.DAT !!"); 
printf ("\n\t Could not read line °lcid . \n \i+ l ); 
exit (-1); 

if (sscanf (in_line, " o/oc %e o/oc o/oe ". 
&temp_data 1, 

} 

&ternp_data2, 
&temp _data3, 
&temp_data4) != 4) 

{ 
printf ("\n\t ERROR READING FBLAGCF.DAT 11"); 
printf("\n\t ERROR!! Wrong format for line o/od. \n",i+l); 
exit (-1); 

mapl[i ) = temp_datal; 
fll3.pl(i+( offset)}= tcmp_data2; 
map! [i+(2"'otrsct)] = temp_data3; 
mapl[i+(3"'otrset)] = temp_data4; 

} 
fclose(data); 
return; 

1···-······························~··~·············*••·:················· 

READ_FB_PLAG_FlLE: READS Front To Back Position LAG COEFICIEFNTS FROM 
DISK 
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.•....•.......•••••...•...••• ~ .......•.•....••....•............•.•.....•. 
•t 
void r~u1_1b_j>lag_iil(m:ip I) 
no:1t 1•map I; 

{ 
inti; 
i11tj=SO; 
int dfTsct; 
float tcmp_datal; 

.. float tcmp_dau2; 
float temp_dau3; 
float temp_dal34; 
char in_linc{99}; 
FILE *data; 

if ((data= fopcn {"fbplagcf.dat","r")) ==NULL) 
{ 

} 

printf ("\n\t ERROR ! ! Could not open data file FBPLAGCF.DA 1\n"); 
exit (-1); 

offset= FB_PLAG_COEFS/4; 

for (i=O; i<ofTsct; ++i) 
{ : 

fr (fgcts (in_linc, j, data)== NULL) 
{ 

} 

printf("\n\t ERROR REABING FBPLAGCF.DAT !!"); 
print! ("\n\t Could not read line o/od . \n" ,i+ l ); 
c.xit (-1); 

if (sscanf (in_line, " %c o/oe o/oe o/oe ... 
&temp _data 1, 

} 

&temp _data2, 
&temp_data3, 
&temp_data4) != 4) 

{ 
printf("\n\t ERROR READCNG FBPLAGCF.DAT !!"h 
printf ("\n\t ERROR!! Wrong format for line o/od. \n",i+l); 
exit (-1); · 

mapl{i ) = temp_datal; 
mapl{i+( offsct)j = temp_data2; 
mapl{i+(2'"offset)} = temp_data3; 
mapl(i+(J'"ofTsct)) = temp_data4; 

}. 
f c'lose( data).; 
return; 
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•·····•···•••••••·••·••·•···•············•······•···••·······•··········· 

READ_GLAG_F!LE: READS Gap Filler COEFICIENTS FROM DISK 
. . 

···························································-············· ., 
void rcad_glag_fil(map l) 

float •mapl; 

inl' i; 
intj=80; 
int offset; 
float temp_datal; 
float temp_data2; 
float temp_data3; 
float temp_data4; 
char in_line[99]; 
FILE *data; 

if ((data= Copen ("glagcf.dat","r")) ==NULL} 

{ 

} 

print! ("\n\t ERROR ! ! Could not open data file GLAGCF.DA l\n"); 
exit (-1); 

offset= GLAG_COEFS/4; 

for (i=O; i<oLTsct; ++i) 
{ 

if (fgcts (in_line, j, data) == NULL) 
{ 
i 

prinrf ("\n\t ERROR READING Gt.AGCF.DAT ! !")~ 
printf("\n\l Could not read line o/ad. \n",i+l): 
exit(·l); 

} 

i.f (~nf (in_ line, " o/oe o/oe %e o/oc ", 
&temp _data I, 

} 

&temp _data2, . . 
&temp_data3, 
&temp_data4) != 4) 

{ 

prinrf{"\n\t ERROR READING GLAGCF.DAT !!"); 

printf ("\n\t ERROR!! Wrong format for line o/.od. \n",i+l); 
e.xit (-1); · · 

mapl(i I =tcmp_datal; 
mapl[i+( offset))= tcmp_data2: • 
mapl(i+(2•otrsct)l;.,, tcmp_data3; 

mapl{i+(3•offsct)l = lcmp:d:ua.i; 
} 
fclosc(dala); 
return; 
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, . 
••.•••.....•...•..•.•••.....•...•.•..•.....• ~ ...•.•.•...•.........•..•... 

INIT _DAS20: Initializes the A to D card for i111crrrup1 
and OMA level. 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .. , 
void init_das20() 
{ 

} 

Params[O] = DAS_ADDR; 
Params[ l) = 5; 
Params(2} = l; 

Flag = das20(0, Params); 
if (Flag!= 0) 
{ 

II DAS-20 base address 
II interrupt level 
II OMA level switch 
II select.able on board 

II Error if Flag not 0 

printf("\ni"1odc O: Error in DAS20 initialization. FLAG=%d\n", Flag); 
ex:it(-1 ); 

} 
return; 

,. 
lNlT_DDA06: lntitali:r.es all analog outputs to 0 volts. 

*I 
void init_dda06() 
{ 

inti; 

for (i=O; i<=5; i++) 
!{ 

1· 

} 

outponb (DDA06_ADDR + 2•i, O); 
outponb (DDA06_ADDR + 2•i + l, 8); 

outponb (0DA06_ADDR1+2•i, O); 
outpoctb (00A06_ADDRl + 2•i + l, 8); 

return; 

·······~································································· 

DEFINE_QUEUE: Delines lhc AID queue for Triggered samples 
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i 

·••••·••••••·••·••········•·····················•·····••····•·••••••••··• ., 
void dcfi nc _qucuc( ch;111.ga i 11.num •. c.:h;111s) 
int chan[I:· · 
int gain[): 
int num_chans: 

. 
int i=O; 

if (num_chans<2 II num_cha~s>2048)· · 
{ . 

printf ("\n Error in DEFINE QUEUE. Wrong number of channelsH); 
exit(- I}; · 

} 

Params[O] = chan(O); 
Params[l] = gain[O}; 
Params(2l = 2; 

Flag= das20(1, ParanlS); 

II First Queue entry 

if {Flag != 0) II Error if flag not 0 
I . 

{ ; . 
prinr!("\nllllodc 1: Error in setting First queue clement. Flag="/od\n", 

Flag): 
cxit(-1): 

i++; 

while (i+ 1 <num_chatts) 
{ 

Params[OJ = chan(il; 
Params[l] = gain[i]; 
Params[2] = O; II Ne."'t Queue enlry 

Flag= das20(l, Params); 
if (Flag != q) II Error if flag not 0 
{ 

printf("\nModc 1: Error in setting %d queue element. f'lag=o/od\n" ,i, 
Flag); . 

ex.it(-1); 
} 
i++; 

} . 

Params[Ol = chan(il; 
Params[ l) = gain[i]; 
Pararns(2 I = 1; II L.1st Queue entry 

Flag = das20( l, Pa rams); 
if (Flag != 0) If Error if nag no1 O 
( 

printf("\nModc 1: Error i11 selling Last queue clcmcn1. Flag=%d\n". 
Flag): 
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rl!lurn:. 

i /.• 
...•••.•••.....•.. , ..•.................................••.•...•...••••••. 
• 

SET_BLOCK_TIMER_FREQ: set programmable timer for mode 27 scan 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• . , 
void .set_block_timerJreq(frcq) 
int freq; 
{ 

Params(O} = 1000; II counter l 
Params[ l} = 5000/freq; II counter 2 
Flag = das20(25, Params); 
if(Flag != 0) II ErrorifFlag not 0 
{ 

} 

printf("\nMode 25: Error setting up block timer. FLAG=o/od\n", Flag); 
e.xit(-1 ); 

return; 
} 

,. 
•*••·························································••********** 

*/ 

ANALOG_OUT: Sends arulog commands to the electromagnet 
amplifier from the DDA06 card. 

void aruilog_out(ch, data) 
int ch; 
int data; 
{ 

int zero_ofl"set = 2048; 
int ma.x_analog_cmd=4095; 
int min_an.alog_cmd=O; 
int high_byte; 
int low_byte; 

data= data+ zero offset· 
if (data>=max_an;iog_c:nd} 
{ 

da"ta = ma.x_analog_cmd; 
} 
if(data <= min_analog_cmd) 
{ 

data = min_:inalog_cmd; 
J . 
high_ byte= dm:i/256; 
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low_lJyt..: = cJ:ua - high·_bytc • 256: 

oulpol'lb (UDA06_ADDR + 2 ~ch, low_bytc); 
outportb (DDA06_ADDR + 2 •ch+ I. high_bytc): 

return: 

, . 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ANALOG_OUTl: Sends analog ou_tputs to BNCs for diagnostic purposes . 

. , 
void analog_outl(ch. data) 
int ch; 
int data; 
{ 

int zcro_offset = 2048; · 
int max_analog_cmd=4095; 
int min_analog_cm:d=O; 
int high_byte; 
int low_bytc; 

data= data+ zcro_olfsct; 

} 

if (data>=max_analog_cmd) 
{ 

data= max_analog_cmd; 
} 
if (data <= min _analog_cmd) · 
{ 

data= min_analog_cmd; 
}1 
high'-byte = data/256; 
low_byte =data- high_byte • 256; 

outportb (DDA06_ADDR1 + 2 *ch, low_byte); · 
oulportb (DDA06_ADDR1 + 2 • ch+ l, high_byte); 

return; 

,. 

SS_ CONTROL: PIO co.ntrol for Side To Side axes." 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•/ 
void ss_control(out.bss_gap_err,tss_g:ip_crr, 

bss _ accc:l ,tss _ acccl, 
state_ cocrs,pidm _ cocfs, 



.no:11 •0111; 

no:it bss_gap_crr; 
no:u Lss_g:1p_crr; 
no:u bss_acccl; 
noat LSS_acccl; 
Ooa.t state cocfs(I; 
float pidm-:_cocfs(); 
float l.:ig_coefs[J; -
float pl:ig_cocfs[J; 
inti; 
{ 

lag_ cocfs.plag_ cocfs. 
i) 

static double xlb ,xlt; 
static double xlbo ,xito; 
static double x2b ,x2t; 
static double x2bo ,x2to; 

II static double x3b ,x3t; 
II static double x3bo ,x3to; 

st:itic double x3ab ,x3at; 
static double x3abo,x3ato; 
static double x3bb ,x3bt; 
Static double x3bbo,x3bto; 
static double x3cb ,x3ct; 
static double x3cbo,x3cto; 
static double xJdb ,x3dt; 
static double :ddbo,x3dto; 
static double x4b ,x4t; 
static double x4bo ,x4to; 
static double x5b ,xSt; 
sµtic double xSbo ,x5to; 
static double x6b ,x6t; 
static double x6bo ,x6to; 
static double x7ab ,x7at; 
static double x7abo,x7ato; 
static double x7bb ,x7bt; 
static double x7bbo,x7bto; 
static double x7cb ,x7ct; 
Static double x7cbo,x7cto; 
static double x7db ,x7dt; 
static double x7dbo,x7dto; 
static double xSb ,x8t; 
static double xSbo ,x8to; 
static double x9b ,x9t; 
static double x9bo ,x9to; 

static Ooa.t bss.._gap_err_old; 
static float tss_gap_err_old; 

static float bss_acccl_old; 
static float tss_acccl_om; 

s1a1ic lloa1 u_bo1_dcs_old; 
staLic lloat u_top_dcs_old; 
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flo:ll 11_bo1_dcs; 
float u_top_dcs; 

. static float bss_gap_err_f; 

. st;1tic float tss_g:ip_err _f: 
! 
; 

II 
II 

if (i == 0) II Initialize States 
( 

} 

xlb =0.0; 
xll =O.O; 
x2b =0.0;. 
x2t =0.0; 

x3b =0.0; 
x3t =0.0; 

x3ab =0.0; 
x3at =0.0; 
x3bb =0.0; 
x3bt =0.0; 
x3cb =O.O; 
x3ct =0.0; 
x3db =0.0; 
x3dt =0.0; 
x4b =0.0; 
x4t =0.0; 
x5b =0.0; 
x5t =0.0; 
·i-;Gb =0.0; 
x6t =0.0; 
x7ab =0.0; 
x7at = 0.0; 
x7bb =O.O; 
x7bt =O.O; 
x7cb =0.0; 
x7ct =0.0; 
x7db =0.0; 
x7dt =0.0; 
x8b =0.0; 
x8t =O.O; 
x9b = 0.0; 
x9t = 0.0; 

. bss_accel_old = bss_accel; 
tss_accel_old := tss_accel; 
bss_gap_err_old = bss_gap_err; 
tss_gap_err_old = tss_gap_err; 
u_bot_des_old = O; 
u_top_des_old = O; 
•(out) = 0.0; 
•cout+I) = o.o; 

return; 

et.sc 
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II 
II 
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( 
xlbo = x lb; 
x Ito =xlt; 
x21>o =.'1:2b; 
x2to =x21; . 

xJbo = :db; 
xJto = x3t: 

x3abo = x3ab; 
x!3ato = x3at; 
x3bbo = x3bb; 
ixJbto = x3bt; 
ix3cbo = x3cb; 
x3cto = x3ct; 
x3dbo = x3db; 
x3dto = x3dt; 
x4bo =x4b; 
x4to =x4t; 
x5bo =x5b; 
x5to = xSt; 
x6bo =x6b; 
x6lo = x6t; 
x7abo = x7ab; 
x7ato = x7at; 
x7bbo = x7bb; 
x7bto = x7bt; 
x7cbo =x7cb; 
x7cto = x7ct; 
x7dbo. = x7db; 
x7dto = x7dt; 
x8bo =xSb; 
x8to = xSt; 
x9bo =x9b; 
x.9to = x9t; 

II Integrate Position signal for high static stiffness 
:db = state_cocfs(O) • xlbo + state_coefs{l) • bss_gap_err, 
xlt = state_coefs{20] * xlto + state_coefs(21] • tss_gap_err; 

II Integrate accelerometer signal for damping 
x2b = state_coefs[2l * x2~ + state_coefs[31 • bss_acce1;­
x2t = state_coefs{22} ~ X2to + state_coefs[23} * tss_accel; 

If Add lags to integrated accelerometer signal 

x3ab = lag_coefs[O} * x3abo + lag_coefs[l} • x3bbo + 
1ag_coc:fs(21 • x3cbo + lag_coefs(3} • x2bo; 

x3bb = lag_coefs(4} • x~abo +fag_coefs[S] • x3bbo + 
lag_cocfs(~) • x3cbo + lag_coefs[7) • xlbo.; 

:deb · = la.g_cocfs[SJ • x3abo + lag_cocfs[9) • x3bl>o + 
lag_ cocfs( I 01 • :dcbo + lug_ cocfs( 111 • x2bo·. 
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xJ<lb = lag_cocfs(l!l • xJab 1· lag_cocfi;(DI • x)l>b • 
lag_cocfs(_l.J I• :deb +.lag_cocfs[ I SJ • xlb. 

xJat = lag_cocfs(2lll • xJato + lag_cocfs[21 J • xJbto + 
lag_cocfs(221 • x3cto + l:ig_cocfs[23J • x210: 

xJbt = lag_cocfs[24) • xJato + lag_cocfs[25) • xJbto + 
lag_cocfs[26l • x3cto + lag_coefs(27l • x2to; 

... 
:dct = tag_coefs(28} • x3ato + lag_cocfs(29} • x3bto + 

lag_coefs[JO} * x3cto + lag_coefs[J l) • x2to; . 

x3dt = lag_coefs[32} • x3at + lag_coefs[33] * x3bt. + 
lag_coefs[34} * x3ct + lag_cocfs(351 *.x2t; 

II High pass filter integrated accelerometer to remove de offset 
! . 

x4b = state_coefs[4} * x4bo + st.ate_coefs[5] * x5bo + 
st.ate_coefs[6} * lddbo; 

x.Sb = state_coefs(7} * x4bo + st.ate_cocfs(8} * x5oo + 
st.ate_coefs[9} * x3dbo; 

x6b = state_coefs[lO] * x4b + state_cocfs(ll) • x5b + 
state_coefs[t2] * xJdb; 

:'1:4t = siate_cocfs(24l * x4to + statc_cocfs[25l • ll:Sto + 
statc_coefs[26} * :c3dto; 

xSt = state_coefs[27} "' x4to + state_cocfs[28} "' xSto + 
statc_coefs[29) * :ddto; 

x6t . = Slale_coefs(30) • x.Jt + state_cocfs(3 l} • xSt + 
state_coefs[321 * x3dt; 

II Add lags to position signal 

x7ab = plag_eocfs(O] * x7abo + plag_coefs{ll * ll:7bbo + 
plag_coefs(2] * x7cbo + plag_coefs[J] .• bss_gap_err-:?ld; . 

x7bb = plag_coefs(4} • x7abo + plag_coefs[S) * x7bbo + 
plag_coefs[6] * x7cbo ~ptag_coefs[71 • bss_gap_err_otd; 

x7cb = plag ... coefs(8] • x7abo + plag_coefs[9] • x7bbo + 
plag_coefs[IOJ * x7cbo +-plag_cocfs[l l] * bss_gap_err_old; 

x7db = plag_cocfs(l21 "x7ab + plag_cocfs[l3J * x7bb + 
plag_cocfs[l4l "'x7cb + plag_coefs(l5] * bss_gap_crr; 

• x7at = plag_c6cfs{20) • x7ato + plag_cocfs{2 l] • x7bto + 
plag_cocfs[22] "x7cto + plag_cocfs[23] • tss_g:ip~crr_old; 

:-:7bt = plag_cocfs(24) • x7ato + pl:ig_cocfs[25) • x7bto + 
• plag_cocfs(261 • x7cto + pl:ig_cocfs[271 • tss_g..1p_crr_old; 
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x7c1 = plag_cocfst2KI • x7a10 +- pbg_cocfsl2'JI • .s7blo + 
plag_cocfstJOI • .s7ct? -1· plag_Cl~fs(1 ll • 1ss_g:1p _crr _old; 

x7dt = plag_cocfs(321 • x7al .,. plag_cocfslJ31 • x7l.Jl +· 
plag_cods[H{ • x7ct + pl:ig_cocfs(3SI • tss_g:ip_crr: 

b~s_gap_err_f = x7db; 
tss_gap_err_f = x7dt; 

II Compute Output . 
II Bottom Side To Side Actuator 
II Integrated positiqn for static otrset loads 
II plus inte~rated accelerometer for damping 

u_bot_des = pidm_coefs[Ol •:db+ pidm_coefs[ll • xlt + 
pidm_cocrs[21 • x6b + pidm_cocfs[Jl • xGt + 

II Proportional gain on position for spring rate 
pidm_cocfs(4] • bss_gap_err_f + 

pidm_coefs[S} • tss_gap_err_f; 

! u_bot_des = u~bot_des • pidm_coefs(6}; 

II Top Side To Side Actuator 
II Integr:ited· position for static olTsct lo~9,s 
II plus integrated accelerometer for d:imping 

u_top_des = pidm_cocfs[lOI • xlb + pidm_coefs{l If• xll + 
pidm_cocfs[l21 • x6b + pidm_cocfs[l3] • x6t + 

II Proportional gain on position for spring rate 
pidm_coefs[l4l * bss_gap_err_f + 

pidm_coefs[l5] • tss_gap_crr_f: 

u_top_des = u_top_des • pidm_coefs(l6]; 

*(out) = u_bot_des: 
*(out+l) = u_top_des; 

· bss_accel_old = bss_accel; 
tss accel old = tss accel; 
bsS""_jap_~rr_old = b~s_gap_err; 
~s_gap_err_old = tss_gap_err; 
u_bot_des_old = u_bot_des; 
u~top_dcs_old = u_top_des:. 

return; 

} 
} 
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.,. 
························•········••·••···•·······•····•••·•·••••·•••·••••• 

FU_CONTROL: £>10 control for Fronl To !Jack :tscs. 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ., 
void lb:_con1rol(ou1,bllb_g3p_crr,brfb_g:ip_err, 

tllb _gap_ err, trtb _gap_ err, 
bHb_acccl,brtb_accel, 
tllb acccl,trtb acccl, 
stat~_ coefs,pidm _ cocfs,fag_ coef s, plag_ coefs,i) 

fl<~at •out; 
float blib_gap_crr, 
float brib_gap_crr; 
float tltb_gap_err; 
float t.rfb_gap_err; 
float blib_accel; 

· float brfb_acccl; 
float tlib_acccl; 
{I.oat trfb_accel; 
float state_coefs(l; 
float pidm_ coefs(}; 
float lag_ cocfs{]; 
float plag_cocfs{); 
inti; 
{ 

static double xlbl ,xlbr ,xltl ,xltt ; 
siatic double :dblo ,xlbro ,xltlo ,xltro; 
statit double x2bl ,x2br ,x2tl ,x2u ; 
static double x2blo ,x2bro ,xlllo ,xltro ; 

II static double x3bl ,x3br ,x3tl ,x3tr ; 
II static double x3blo ,x3bro ,x3tlo ,xJtro; 

static. do~91e x3bla ,x3bra ,x3tla ,x3tra; 
static double x3blao,x3brao,x3tlao,x3trao; 
static double x3blb ,x3brb ,x3tlb ,x3trb ; 

static double x3blbo,x3brbo,xltlbo,x3trbo; 
static double x3blc ,x3brc ,x3tlc .. 'C3trc; 
static double x3blco,x3brco,x3tlco,x3trco; 
static double x3bld ,x3brd ,x3tld ,x3trd; 
static double x3bldo,x3brdo,x3tldo,x3trdo; 
static double x4bl ,x4br ,x4tl ,x4tr; 
static double x4blo ,x4bro ,.x4tlo ,x4tro; 

. static double x5bl ,x5br ,x5tl ,x5tr, 
static double x5blo ,x5bro ,x5tlo ,x5tro; 
static double x6bl ,x6br ,x6tl ,x6tr, · 
st.atic double x6blo ,x6oro ,x6llo ,x6tro; 
static double x7bl ,x7br ,x7tl ,x7tr, 
st.alic double x7blo ,x7bro ,x711o ,x7tro; · · 
static double x8bl ,xSbr ,xStl ,xStr; . 
static double x8blo ,xSbro ,xStlo ,x8tro; 
static double x9bl ,x9br ,x91I ,x9tr; 
slatic double x9blo ,x9bro ,x9clo ,x9tro: 
s1a1ic noa1 blfb_gap_crr_old; 



II 
II 

I 

II 
II 

Slalic 11~);\l hrtl.J_!~:l(l_Crr_o(d; 

s1a1ic tloa1 lltb_gap_crr_old; 

s1a1ic tloa1 lrfb_gap_cr.r_old; 

static tloat bl!b_acccl_old; 

s1:uic !10:11 brfb_acccl_old; 

stalic float tl!b_acccl_old; 

static lloal tr!b_accel_old; 

static float u_bl_dcs_old; 

sutic float u_br_dcs_old; 

static float u_tl_dcs_old; 

static float u_tr_dcs_old; 
!float u_bl_des; 
'float u_br_des; 
float u_tl_des; 
float u_tr_des; 
float bl!b_gap_crr_r; 
float brib_gap_err_f; 
float tlfb_gap_err_f; 

float trfb_gap_err_f; 

if (i = 0) II Initialize States 
{ 

xlbl "= 0.0; 
xlbr =0.0; 
xltl =0.0; 
xltr =0.0; 
x2bl =0.0; 
x2br =0.0; 
x2tl =0.0; 
xltr =0.0; 

x3bl =0.0; 
xJbr =O.O; 
xJtl =0.0; 
xJtr =0.0; 

x3bla =0.0; 
x3blb =0.0; 
x3blc =0.0; 
x3bld =0.0; 
x3bra =0.0; 
x3brb =0.0; 
x3brc =0.0; 
:<Jbrd =0.0; 
x3da =0.0; 
x3tlb =0.0; 
xJtlc =·o .. o: 
x3tld =0.0; 
xJtra =0.0; 
xJ1rb =0.0; 
X)lrC =0.0; 
x3trd =0.0;· 
x-tbl = 0.0; 
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X·lbr = 0.<1; 
X~I( = 0.0; 
x-Ur = 0.0; 
x5bl =0.0; 
x5br =0.0; 
x5tl =0.0; 
x5tr =0.0; 
x6bl =0.0; 
x6br =0.0; 
x6tl. =0.9; 
x6tr =0.0; 
x7bl =0.0; 
x7br =0.0; 
x7tl =0.0; 
x7tr =0.0; 
xSbl =0.0; 
x8br =0.0; 
xSLI =0.0; 
x8lr =0.0; 
k9bl =0.0; 
~9br =0.0; 
x9t1 = 0.0; 
x9Lr =0.0; 
bltb_acccl_old = bltb_accel; 
brtb_accel_old = brtb_accel; 
tltb_accel_old = tltb_accel; 
trtb_aecel_old = trtb_accel; 
bl.tb_gap_err_old = bltb_gap_err; 
brtb_gap_err_old = brfb_gap_err; 
tl!b_gap_err_old = tUb_gap_err, 
trtb_gap_err_old = trfb_gap_err; 
u_bl_dcs_old = 0.0; 
u_bl'_des_old = 0.0; 
u_tl_des_old = 0.0; 
u_tr:...des_old = 0.0; 
*(out) = 0.0; 
*(out+l) = 0.0; 
*(out+2) = 0.0; 
*(out+3) = 0.0; 

return; 
} i 

else 
{ 

xlblo =:dbl; 
xlbro = xlbr; 
xlllo = xlll; 
xltro = xllr; 
x2blo =~bl; 
x2bro = x2br; 
x2llo = x'2tl; 
x2tro = x2tr; 

II x3blo =.:dbl; 
xJblao = xJbla; 
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xJblbo = xJblb; 
xJblco = xJblc; 
x_)bldo = xJbld; 

11: :dbro· = xJbr: 
xJbr:to = xJbr3: 
xJbrbo = xJbrb: 
xJbrco = x3brc: 
xJbrdo = xJbrd: 

JI ::dtlo = x3tl: 
• x3tl.ao = x3tla; 
x3tlbo = x3tlb; 
x3tlco = x3llc; 
x3tldo = x3tld; 

. II. x3tro = x3tr, 
x3trao = x3°tra; 
x3lrbo = x3trb; 
x3trco = x.>trc; 
x3trdo = x3trd; 
x4blo = x4bl; 
x4bro = x4br; 
x4tlo = x4tl; 
x4tro = x4'lr, 
x.Sblo = x5bl; 
x5bro = x5br; 
xStlo = x5tl; 

'i xStro = xStr, 
x6blo = x6bl; 
x6bro = x6br; 
x6tlo = x6tl; 
x6tro = x6tr; 
x7blo = x7bl; 
x7bro = xibr; 
x7tlo = x7tl; 
x7tro = x7tr, 
xSblo = x8bl; 
xSbro = xSbr; 
xStlo = xSll; 
xStro = xStr; 
x9blo = x9bl; 
x9bro = x9br, 
x9tlo = x9tl; 
x9tro = x9tr; 

II [ntcgra.te Position signal for high static stiffness 

xlbl = state_coefs[OJ • xlblo + state_cocfs(l] • bUb_gap_err, 
xlbr = state_cocfs[20J • xlbro + state_cocfs[21] • brfb_gap_err, 
xlll = statc_coefs[40) • xlllo + state_cocfs[41] • tUb_gap_err; 
xl tr = state_coefs[~l • xltro + state_cocfs[6 l) • lrlb_gap:err~- · 

// lntcgr:itc accelerometer signal for damping 

x2bl = st:itc_cocfs[21 • x2blo + statc_cocfs[Jl • blfb_acccl; 
x·2br = s1a1c_cocfs[221 • x2bro + state_cocfs(23l ~ brfb_acccl: • 
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x2tl = s1a1c_codsl-'2l • :..:2110 + s1;11c_cl'>ds(·OI • 1llh_:1cccl: x2tr = st;llc_cocfs(621 • x21ro + s1atc_cocfs(6JJ • trlb_:icccl: 

II Add lags to intcgr:alcd accclcrornctcr sign:1I · 

xJbla = lag_cocfs(OJ • x3blao + lag_cacfs{l I • x3blbo + l:1g_cocfs(21 • xJblco + lag_cocfs[J} • x2blo; 

x3blb = lag_cocfs[4} "'. xJblao + lag_cocfs(Sl • x3blbo + I 

lag_cocfs(6l • x3blco + lag_coefs(7] • .x2blo; 

x3blc = lag_coefs[S) • xJblao + lag_coefs(9} • >Ubtbo + lag_cocfs{lO) • xJblco + ~ag_coefs(l l} • x2bto; 

x3bld = lag_cocfs[12) • x3bla + lag_coefs(l31.* x3~lb + lag_coefs(l4) • xJblc + 1ag_coefs(l5) • x2bl; 

x3bra = lag_coefs[20] • x3brao + lag_coefs(21] • x3brbo + 1ag_coefs(22J • x3brco + lag_coefs(23l • x2bro; 

x3brb =·lag_coefs(24] • x3brao + lag_coefs[25} • x3brbo + lag_coefs(261 • xJbrco + lag_coefs[27] * x2bro; 

x3brc = lag_cocfs[28] • x3brao + lag_coefs[29} • x3brbo + lag~coefs(301 "'x3brco + lag_eocfsf3 l) • x2bro; 

x3brd = lag_cocfs(32l • x3bra + lag_coefs[33] • x3brb + lag_toefs(34l • x3brc + lag_coef's(35} • x2br; 

x3tla = lag_coefs[40] • x3tlao + lag_cocfs(41} • x3tlbo + lag_coefs[42i • x3tlco +.lag_coefs(43l • x2tlo; 

x3tlb = lag_coefs(44} • x3tlao + lag_coefs[45] • x3tlbo + lag_coefs(46] • x3tlco + lag_coefs(47} • x2tlo; 

x3tlc = lag_coefs(48} • x3tlao + lag_coefs(49} • x3llbo + . lag_coefs[50) • x3llco + lag_coefs(51J • x2tlo; 

x3tld = lag_c;oefs[52} • x3lla + lag_coefs(S3) * x3tlb + lag_coefs(S41 • x3t1c + La.g_coefs[5S) • x2tl; 

":3tra ... = lag_coefs(601 * x3trao + lag_coefs(61J • x3troo.+ lag_coefs(62l • x3l!co + lag_coefs(63) • xltro; 

x3trb = lag_coefs(64} • xJtrao + lag_coefs(65J • x3trbo + lag_coe(s(66} •:xJtrco + lag_cocfs[67) •· x2tro; 

xJtrc = lag.:.cocfs(68J • xJtrao + lag_cocfs(69l • xJtrbo + lag_cocfs(701 • xJtrco + lag_cocfs[711 • x2tro; 

.xJcrd = lag_cocfsl72J • x3tr:i + lag_cocfs(73J • xJtrb + 



76 

//High pass filler intcgr:ucd accelcromc1cr to remove de 01Tse1 

x4bl = s1:11c_cocfs(41 • x4blo + s1:11c_cocfs(SJ • x5blo + 
st:11c_cocfs[6l • xJbldo; 

x5bl = sutc_cocfs(7) • x4blo + s1.a1e_cocfs[8] • x5blo + 
·statc_coefs(91 • xlbldo; 

x6bl = state_coefs[lO) • x4bl + state_cocfs(l l) • x5bl + 
state_ cocfs( l 2 l • xJbtd; 

x4br =·state_coefs{24J • x4bro + state_cocfs(2S} • x5bro + 
state_coefs[26] • x3brdo; 

i 
i 
x.Sbr = state_cocfs{27} *-x4bro + state_cocfs[28J • x5bro + 

state_coefs(29} • x3brdo; 

x6br 

x4tl 

x5tl 

x6tl 

x4tr 

x.Str 

jX6tr 

= state_coefs[30) • x4br + state_cocfs[3 l) • x5br + 
state_coefs[32] • x3brd; 

= state_coefs[44] • x4tlo + state_coefs[45] • x5tlo + 
state_coefs[46} • x3tldo; 

= statc_coefs{47} • x4tlo + St.:lt~_cocfst48) • x5llo + 
Sl3le_coefs(49] • x3tldo; 

= state_cocfs[50J • x4tl + state_cocfs{SlJ * x5tl + 
state_coefs{52} • x3tld; 

= state_cocfs[64} • x4tro + state_coefs[65} • x5tro + 
statc_coefs[66] • x3trdo;" 

~ state_coefs[67] • x4tro + state_coefs[68} • xStro + 
state_coefs{69} • x3trdo; 

= st.ate_coefs(70} • x4tr + state_coefs[71] • xStr + 
state_coefs[72] • x3trd; 

x7bl . = plag_coefs[O] • ~~blo + plag_coefs[l] • x8blo + 
plag_coefs{2} • !>ltb_gap_err_old; 

x8bl = plag_coefs(3} • );;7blo + plag_coefs[4J • xSblo + 
plag_cocfs[5) • blib_gap_err_old; 

x9bl = plag_cocfs(6) • x7bl + plag_coefs[7) • x8bl + 
plag_coefs{8] • bltb_gap_crr; • 

x7l>r = plag_cods( 101 • x7bro + plag5oefs[ 11 I • x8bro + 
pl;1g_ cocfs( 12 I • brtb _gap_ err_ old·, 
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xXIJr ""plag_c:ods{IJI • x7b1\J +· pla~-~~fs[l.il • xXbro + 
plag_codsllSI • brlb_gap_crr.,olJ. 

x'Jl>r = plag_cocl"s[l<1! • x7br + plag_co.:f.s(17l • xSbr -+· 

pl:1g-_cods{IS) • brfb_g:ip_crr; 

x7t1 = plag_cocfs{201 * x7tlo + pl:ig_COi!fs(2l) * x8tlo + 
plag_cocfs(22) • tlfb_gap_err_old; 

xStl ~ pfag_cocfs[23) • x7tlo + plag_cocfsl24] • x8tlo + 
_plag_coefs[2S) * tl!b_gap_err_old; 

x9tl = plag_cocfs(26l • x7tl + plag_cocfs(27) • xStl + 
plag_cocfs[2S) * tl!b_gap_err; 

x7tr = plag_coefs(301 • x7tro + plag_coefs[3 l) • x8tro + 
plag_coefs[32) • trib_gap_err_old; 

xStr = plag_coefs(33J. • x7tro + plag_cocfs(34l • xStro + 
plag_coefs[3S] * trfb_gap_err_old: 

x9tr = plag_cocfs(36) * x7tr ... plag_cocfs{371 • xStr + 
plag_cocfs[38} • trfb_gap_err; 

bUb_gap_err_f = x9bl; 
brtbjap_err_f= x9br; 
tUb_gap_err_f = x9tl; 
trlb_gap_err_f= x9tr; 

II Compute output 
II BOTIOM LEFT FRONT TO BACK ACTUATOR 
II Integrated Position for Static Offset Loads plus 
II Integrated accelerometer for damping 

u_bl_des = pidm_coefs{O) • xlbl + pidm_cocfs(l] • xlbr + 
pidm_coefs[2) • xltl + pidm_coefs[J) • xltr + 

II Lagged accelerometer for roll off 
pidm_coefs[4J • x.6bl + pidm_coefs(Sl • x6br + 
pidm_cocfs[6} • x6tl + pidm_coefs[7) • x6tr + 

II Proportional ga,in on position for spring rat~ 
pidm_c~fs(81 • blfb_gap_crr_f + 
pidm_coefs(9] • brtb_gap_err_f +-· . 
pidm_cocfs[ 101 * 1lfb_gap_crr _f + 
pidm_coefs[l ll • trlb_gnp_crr_r; 

u_bl_dcs = pidm_cocfsl 121 • u_bl_dcs; 
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// IJOTrOM IUGI IT FRONT TO DACK ACTUATOR 
II 11111:gra1cd f•ositilln for Sl;Hic OITscl Loads plus 
II l11lcgr;11cd accclcromctcr for d.1mping 

u_l>r_tks = pidm_cocfs[201 • xlbl + pidm_cocfs{2ll • xlbr + 
pidm_cocfs(221 • xltl + pidm_cocfs[lJI • xltr + 

II • Lagged accelerometer for roll off 
pidm_cocfs(24} • x6bl + pidm_cocfs(2Sl • x6br + 
pidm_cocfs[26) • x6tl + pidm_cocfs(27) • x6tr + 

II Proportional gain on position for spring rate 
pidm_ cocfs[28} • blfu _gap_ err_ f + 
pidm_cocfs[29J • brfb_gap_err_r + 
pidm_cocfs[JO} * tUb_gap_err_f + 
pidm_coefs[31] • trfb_gap_err_f'; 

u_br_dcs = pidm_coefs[32] • u_br_des; 

II TOP LEFT FRONT TO BACK ACTUATOR 
II Integrated Position for Static Otrset Loads plus 
II Integrated accelerometer for damping 

u_tl_des = pidm_cocfs[40l * xlbl + pidm_coefs(4ll * xlbr + 
pidm_cocfs(42} * xlll + .pidm_coefs(43) • xltr + . •' . 

II Lagged accelerometer for roll off 
pidm_coefs[44} * x?bl + pidrn_coefs[45] * x6br + 
pidm_cocfs[46} * x6tl + pidm_coefs[47} • x6tr + 

II Proportional gain on position for spring rate 
pidm_coefs(48} * blfb_gap_err_f+ 
pidrn_coefs(49} * brlb_gap_err_f+ 
pidm_coefs[SOJ • t11b_gap_err_f + 
pidm_coefs[S 1] * trfb_gap_err_f; 

u_tl_des = pidm_coefs{52J * u_tl_des; 

II TOP RIGEIT FRONT TO BACK ACTUATOR 
II Integrated Position for Static Offset Loads plus 
II Integrated accelerometer for damping 

u_tr_des = pidm_coefs(60} "'xlbl + pidm_coefs{61J * xlbr + 
pidm_coefs{62} "'xlll + pidm_coefs[63] * xltr + 

II Lagged aceeleromcter for roll o!T. 
pidm_coefs[64) * x6bl + pidm_coefs[65] • x6br + 
pidm_cocfs[66J "' x6tJ + pidm_coefs[67J "'x6tr + 

II 'ProP.Ortional gain an position for spring rate 
pidm_cocfs{6&J • bllb_gap_crr_f+ 
pidm_cocfs[69l • brtb_gap_crr~f + 
pidm_cocfs(701 • tllb_gap_crr_f + 



pi<lm_cocfs{7 I! • Lrll>_gap_crr_f:" 
u_lr _dcs = pidm_cocfs(721 • u_lr_dcs; 

•(oul) = u_bt.:.dcs; 
"(oul-+·l) = u_br_dcs; 
"(oul+2) = u_tl_dcs; 
•(out+3) = u Lr des; . - -

bl!b_acccl_old = bl!b_accel; 
prfb_accel_old = brfb_accel; 
Ufb_accel_old = tUb_accel; 
trfb_accel_old = trtb_acccl; 
brfb:Jap_crr_old = brfb_gap_err, 
bl.fb_gap_err_old = bl!b_gap_err, 
trtb_gap_err_old = trfb_gap_err. 
tltb_gap_err_old = tl!b_gap_err, 
u_bl_dcs_old = u_bl_des; 
u_br_des_old = u_br_des; 
u_tl_des_old = u_ll_des; 
u_tr_des_old = u_tr_dcs; 

retum; 
} 
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/* 
**************•*********************************************************** 

SS GAP FILTER: THIRD ORDER POSITION FILTER FOR CURRENT CONTROL" 

. */ 
v~id ss_gap_filLer(out.bl_gap_mm,br_gap_mm, 
l tl_gap_mm,tr_gap_mm, 

lag_coefs,i) 
float *out; 
float bl_g:ip_mm; 
float br_gap_mm; 
float tl_gap_mm; 
float tr_gap_mm; 
float lag_ coefsO; 
inti; 
{ 

stalic double xbla ,xbra ,xtla ,xtra ; 
static double xblao,xbraO",xtlao,xtrao; 
static double xblb ,xbrb ,xtlb ,x"trb ; 
static double xblbo,xbrbo,xtlbo,xtroo; 
static double xblc ,xbrc ,xtlc ,xtrc ; 
static double xblco,xbrco,xtlco,xtrco; 
static double xbld ,xbrd ,xtld ,xtrd ; 
static double xbldo,xbrdo,xtldo,xtrdo; 
static float bl_gap_mm_old; 
static floa"t br_g:1p_mm_otd; 



st:1tic llo:tt tl_g:11>_mm_old; 
static tlo:11 tr_g:1p_mm_old: 

if (i = 0) II Initialize States 
{ 

xbla =0.0; 
xblb = 0.0; 
xblc =0.0; 
xbld =0.0; 

xbra =0.0; 
·xbrb =0.0; 
xbrc =0.0; 
xbrd =0.0; 

xtla =0.0; 
xtlb =0.0; 
xtlc =0.0; 
xtld =0.0; 

xtra =0.0; 
xtrb =0.0; 
xtrc =0.0; 
xttd =0.0; 

} 

bl_gap_mm_old = bl_gap_nun.; 
br_gap_mm_old = br_gap_mm; 
ll_jap:_mm_old = ll_gap_mm; 
lr_gap_mm_old = tr_gap_mm; 

*(out) =bl_gap_mm; 
•(out+l) = br:,:,gap_mm; 
*(out+2) = tl_gap_mm; 
*{out+l) = tr_gap_mm; 

return; 

else 
{ 

xblao = xbla; 
xblbo = xblb; 
xblco = xblc~ 
xbldo =xbld; 

xbrao = xbra; 
xbrbo = xbrb; 
xbrco = xbrc; 
xbrdo = xbrd; 

-xtlaci = xtla; 
xtlbo =~alb; 

.xtlco = Xllc; 
xtldo = xtld;. 
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xtrao = xtra; 
x~rbo = xt.rb; 
xtrco .= xtrc; 
1'lrdo := xtrd; 

. 
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xbl:i = lag_coefs(Ol '! xblao + lag_cocfs[l) • xblbo + lag_coefs(21 • xblco + lag_coefs[3J • bl_gap_mm_old; 

xblb = liig_coefs(4} • xblao + lag_coefs[S} • xblbo + . lag_coefs[6} • xblco + lag_coefs{71 • bt_gap_mm_old; 

xblc = lag_coefs[8} • xbtao + lag_coefs(9J ·• xblbo + lag_coefs[lOl • xblco + lag_coefs{l 1] • bl_gap_mm_old; 

xbld = Iag_coefs[l2J • xbla + lag_coefs(l3} • xblb + lag_coefs(l4l • xblc + lag_coefs[lSJ • bl_gap_mm; 

xbra = lag_coefs[201 • xbrao + lag_coefs(2 l} • xbrbo + lag_coefs(221 • xbrco + lag_~fs(23] * br_gap_mm_old; 
i 

xbrb = lag..:.coefs(24] * xbrao + lag_coefs(25}·* xbrbo + lag_coefs(26] * xbrco + lag_coefs[27} • br_gap_mm_old; 

xbrc = lag_coefs(281 * xbrao + lag_coefs{29l * xbrbo + lag_coefs[301 * xbrco + l:ig_cocfs{3 l] • br_gap_mm_old; 
xbrd = lag_coefs[32] • xbra + lag_coefs(33} • xbrb + lag_coefs(34l • xbrc + lag_coefs[35} ~ br_gap_mm; 

xtla = lag_coefs[40} • xtlao + lag_coefs[4ll * xtlbo + lag_coefs(42} • xtlco + lag_coefs[43l • tl_gap_mm_old; 

xtlb = lag_coefs[44} • xtlao + lag_coefs(45] • xtlbo + lag_coefs(46] * xtlco + lag_coefs{47] ~ tl_gap_mm_otd; 
. xtlc = lag_cciefs[48} * xtlao + lag_coefs(49J * xtlbo + lag_coefs[SO} * xtlco + lag_coefs(Sl} * tl_gap_mm_old; 

xtld = Iag_coefs[S2} * ~tla + lag_coefs{S3] • xtlb + lag_coefs[S4] • xtlc + lag_coefs[551 • tl_gap_mm; 

xtra = lag_coefs(60l • xtrao + lag_coefs(6ll • ~·+·: ·· lag_coefs(62) ·• xtrco + ta_g_coefs.[63.J * tr_g:ip_mm_old; 

xtrb = lag_coefs(64) • xtrao + lag_coefs[6SJ • xtrbo + l:1g_coefs(66} • xtrco + lag_coefs(671 • tr_g:ip_mm_old; 
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:>arc = lag_c<Xfsl<>KI • xtr:io +. l:1g_cocfsl6'JI • xlroo + 
l~lg_cocrspo1 • xtrco + l:1g_cocfs{7 I I • tr_gap_mm_old. 

} 

xtrd = l:1g_cocfs(721 • xtra + lag_cocfsl7JI • xtrb· + 
lag_c~fsl74l • xtrc + lag_c<?Cfs(75.)'" tr_gap_mm; 

*(out) = xbld; 
*{out+ I) == xbrd; 
i*Cout+l) = xtld; 
'*(out+J) == xtrd; 

br_gap_mm_old = br_gap_mm; 
bl_gap_mm_old = bl_gap_mm; 
tr_gap~mm_old = tr_gap_mm; 
tl_gap_mm_old = ~l.:_gap_mm; 

return; 
} 

/* 

·································································••******* 
FB GAP FILTER: THIRD ORDER POSrJ,"lON FILTER FOR CURRENT CONTROL 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ., 
void fb_gap_tilter(out,bl_gap_mm,br_gap_mm, 

i tl_gap_mm,tr_gap_mm, 
; lag_coefs,i). 

float •out; 
float bl_gap_mm; 
float br_gap_mm; 
float tl_gap_mm; 
float tr_gap_mm; 
float lag_coefs(l; 
inti; 
{ 

static double xbla ,xbra ,xtla ,xtra ; 
static double xblao,xbrao,xtlao,x"trao; 
static double xblb ,xbrb ,xtlb ,xtrb ; 
static double xblbo,xbrbo,xtlbo,xtrbo; 
static double xblc .~brc ,xtlc ,:i.."trc ; 
static double xblco,xbrco,xtlco,xtrco; 
static double xbld ,xbrd ,xtld ,xtrd ; 
static douQlc xbldo,xbrdo,xtldo,xtrdo; 
static fl~at bl_gap_mm_old; 
stalic float br_gap_mm_old~ 
stalic; float tl_gap_mm_old; 
st.alic float tr_g:ip_mm_old; 



if (i == O) II lnitiahl.c S1:11cs 
{ 

xbla = 0.(1; 
xblb = 0.0; 
xblc = 0.0; 
xbld = 0.0; 

xbra =0.0; 
xbrb = 0.0; 
xbrc = 0.0; 
xbrd = 0.0; 

xtla =0.0; 
xtlb =0.0; 
xtlc =0.0; 

j xtld =0.0; 

xtra = 0.0; 
xtrb =O.O; 
xtrc =0.0; 
xtrd = 0.0; 

bl_gap_mm_old = bl_gap_mm; 
br_gap_mm_old =br_gap_mm; 
tl_gap_mrn_old = tl_gap_mm; 
tr_gap_mm_old = tr_gap_mm; 

} 

"'(out+4) = bl_gap_mm; · 
"'(out+S) = br_gap_mm; 
"'(out+6) = tl_gap_mm; 
"'(out+7) = tr_gap_mm; 

return; 

else 
{ 

xblao = xbla; 
xblbo = xblb; 
xblco = xblc; 
xbldo = xbld; 

xbrao =xbra; 
xbrbo =xbrb; 
xbrco = xbrc; 
xbrdo = xbrd; 

xtlao = xtla; 
xtlbo = xllb; 
xtlco = xtlc; 
xtldo = xtld: 

Xtr30 = Xlr3; 
x1rbo = .'\lrb: 
xtrco = xtrc: 

.. 
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xbl:t = la1,;_cocfs(OI • xblao + lag_cocfs( I I • xblbo + 
l;1g_cocfs[21 •· xblco + lag_cocfs(JJ • bl_gap_mm_old; 

xblb • = lag_cocfs(4) • xbi:io + lag_cocfs[51 • xblbo + 
lag_cocfs[6) • xblco + lag_cocfs[7) • bl_gap_mm_old; 

xblc = lag_coefs[SJ • xblao + lag_cocfs[91 • xblbo + 
lag_cocfs(IO) • xblco + l:ig_coefs[l 1) • bl_gap_mm_old; 

xbld = 1ag_cocfs{l2] • xbla + lag_coefsfl3] • xblb + 
lag_cocfs[l4) • xblc + lag_cocfs(l5] * bl_gap_mm; 

xbra = lag_coefs[20] • xbrao + lag_cocfs(2l] • xbrbo + 
lag_cocfs(22J * xbrco + lag_cocfs[23] * br_gap_mm_old; 

xbrb = lag_~oefs(24} * xbrao + lqg_cocfs[25) • xbrbo + 
lag_cocfs[26} • xbrco + lag_coefs[27] • br_gap_mm_old; 

xbrc = lag_cocfs[28J • xbrao + Jag_cocfs[29l • xbrbo "f: 
lag_cocfs[JO] • xbrco + lag_cocfs[J 1) • br_gap_mm_old; 

xbrd = lag_coefs(32] • xbra + lag_coefs[33l • xbrb + 
lag-:-cocfs(34) • xbrc + lag_coefs(35) • br_iap_mm; 

xtla = lag_coefs{40) • xtlao + lag_coefs[4l] * x"tlbo + 
lag_cocfs(4_2) '" xtlco + lag_,cocfs(43] • U_gap_mm_old; 

.. 
xtlb = lag_cocfs(44] * xtlao.+ lag_cocfs[45] • xtlbo + 

lag_cocfs(46) * xtlco + lag_coefs(47] • tl_gap_mm_old; 

xtlc = lag_coefs[4S] * xtlao + lag_coefs[49] • xtlbo + 
lag_coefs(50} • xtlco + lag_cocfs(Sl) * ~_gap_mm_old; 

xtld = lag_coefs[52] • xtla + lag_coefs(53] • xtlb + 
lag_coefs[54] • xtlc + lag_coefs[55) • tl_gap_mm; 

xtra\ = lag_cocfs(60l * xtrao + lag_cocfs(61} * xtrbo + 
lag_coefs(62l * xtrco + la~-~oefs(63} * tr_gap_mm_old; 

x"trb =· lag_coefs(64) • xtrao + lag_coefs[65] • xtrbo + 
lag_coefs[66) • xtrco + l:ig_coefs[67) • lrJ3p_mm_old; 

x:trc = lag_cocfs(68) • xtrao + lag_cocfs[69} • xtrbO + 
lag_cocfs[70) • x~rco + l:ig_cocfs[7l) • tr_gap_mm_old:. 

xtrd = lag_cocfsP21 • xtra + lag_cocfsp3) • xtrb .+ 



} 
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lai;_c0c.:rs(7~1 • xtrc • lag_cocrs(7Sl • lr_gap_mm; 

} 

•caut+4} =:\:bid; 
•cout+S) = xbrd; 
•(out+6) = xtld; 
•(out+7) = xlrd; 

br_gap_rnrn_old = br_gap_mm; 
bl_gap_mm_old = bl_gap_mm; 
tr_gap_mm_old = tr_gap_mm; 
tl_gap_mm_old = tl_gap_mm; 

return; 

··. 
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WHAT IS CLAIMED IS: 

1. An elevator system for controlling horizontal 

movement of an elevator car with respect to guide rails 

in an elevator hoistway, comprising: 

a force-estimation or posit.ion-scheduled current 
i 

qominand controller, responsive to a force command signal, 

and further responsive to a sensed gap signal, for 

providing a force-estimation or position-scheduled 

current command controller signal; and 

a maqnet driver circuit, responsive to the force­

estimation or position-scheduled current command 

controller signal, for providing a magnet driver circuit 

signal to control the horizontal movement of the elevator 

car with respect to the quide rails in the elevator 

hoistway, 

whereby the horizontal movement of the elevator car · 

is controlled without sensing magnetic flux. 

2. An elevator syst~m according to claim l, wherein 

the force-estimation or position-scheduled current 

command controller comprises: 

a force-estimation processor, responsive to the 

sensed gap signal, and further responsive to a sensed 

magnet driver current signal, for providing a force­

estimation processor signal; 

a force comparator, responsive to the force­

estimation processor signal, and further responsive to 
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the force command signal, for providirt9 a force 

comparator signal; and 

a force feedback compensation processor, responsive 

to the force comparator signal, for providing a force 

feedback compensation processor signal as a current 

command to the magnet driver circuit. 

3. An elevator system according to claim 2, wherein 

the force-estimation processor is implemented with 

hardware and further comprises: 

a first operational amplifier, responsive to the 

sensed gap signal, for providing an operationally­

amplified gap signal; 

a multiplier circuit, responsive to the 

operationally-amplified gap signal, and further 

responsive to the sensed magnet driver current signal, 

for providing a mtiltiplier circuit signal; and 

a second operational amplifier, responsive to the 

multiplier circuit signal, for providing a second 

operationally-amplified multipl~ed signal to the·· force 

comparator. 

4. An elevator system according to claim 1, wherein 

the force-estimation or position-scheduled current 

command controller is a position-scheduled current 

command controller, responsive to the force command 

signal, and further responsive to the sensed gap signal, 
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for providing a position-scheduled current command 

control signal as a current command to the magnet driver 

circuit. 

5. An elevator system according to claim l, wherein 

the magnet driver circuit further comprises: 

a current-error comparator, responsive to the force­

estimation or position-scheduled current control signal 

indicative of a current command, and further responsive 

to a sensed magnet driver current signal, for providing a 

current error signal; 

a current feedback compensation processor, 

responsive to the current error signal, for providing a 

current feedback compensation processor signal; 

a driver circuit, responsive to the current feedback 

compensation pro~essor signal, for providing a driver 

circuit signal to a magnet that provides a magnetic force 

to control said horizontal movement of the elevator car 

with respect to the guide rail in the elevator hoistway; 

and 

a current sensor, responsive to the driver circuit 

signal, for providing the sensed magnet driver current 

s~gnal to the current-error comparator. 
! 

6. An elevator system according to claim l, wherein 

the force command signal is indicative of a commanded . 

horizontal movement of the elevator car with respect to 
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the guide rails in the elevator hoistway. 

7. An elevator system according to claim 1, wherein 

the sensed gap signal is indicative of an actual gap of .. 
thele1evator car with respect to the guide rail in the 

elevator hoistway. 

8. An elevator system according to claim 1, wherein 

the force-estimation or position-scheduled current 

command controller signal is indicative of a force­

estimation or position-scheduled current command for 

controlling said horizontal movement of the elevator car 

with respect to the guide rail in the elevator hoistway. 

9. An elevator system according to claim 1, wherein 

thelmagnet driver circuit signal is indicative of a 

current for driving the magnet to produce a magnetic 

force to control the horizontal movement of the elevator 

car with respect to the guide rail in the elevator 

hoistway. 

10. An elevator system according to claim 1, wherein 

the force-estimation or position-scheduled current 

command controller comprises: 

a force-estimation processor, responsive to .the 

sensed gap signal, and further respqnsive to the force-

estimation or position-scheduled current command 
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controller signal, for providing a force-estimation 

processor signal; 

a force comparator, responsive to the force-

estimation processor signal, and further responsive to 

the force command signal, for providing a force 

c:;:omparator signal; ~nd 

a force feedback compensation processor, responsive 

to the force comparator signal, for providing a force 

feedback compensation processor signal as a current 

command to the magnet driver circuit. 

11. A system for controlling movement of a first 

object with respect to a.second object, comprising: 

a force-estimation or position-scheduled current 

command controller, responsive to a force command signal, 

and further responsive to a sensed gap signal, for 

providing a force-estimation or position-scheduled 

current command controller signal; and 

a magnet driver circuit, responsive to the force-

estimation or position-scheduled current command 

controller signal, for providing a magnet driver circuit 

signal·to control the horizontal movement of the first 

object with respect to the second object, 

whereby the horizontal movement of the first object 

is controlled without sensing magnetic flux. 



111111111111111111111111111111 
* C L M S * 

91 

12. A system according to claim 11, wherein the 

force-estimation or position-scheduled current ·COllll\land 

controller comprises: 

a force-estimation processor, responsive to the 

sensed gap signal, and further responsive to a sensed 

magnet driver current signal, for providing a force­

estimation processor signal; 

a force comparator, responsive to the force­

estimation processor signal, and further responsive to 

the force command signal, for providing a force 

comparator signal; and 

a force feedback compensation processor, responsive 

to the force comparator signal, for providing a force 

feedback compensation processor signal as a current 

command to the magnet driver circuit. 

13. A system according to claim 11, wherein the 

force-estimation or position-scheduled current command 

controller is a position-scheduled current command 

controller, responsive to .the force command signal, and 

further responsive to the sensed gap signal, for 

providing a position-scheduled current command control 
' 

signal as a current command to the magnet driver circuit. 


