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ELEVATOR SPEED DI CTATI ON SYSTEM The present invengion relates to
el evator systens and in particular to elevator velocity control

Still nmore precise, the present invention is related"to a nethod:for
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ELEVATOR SPEED DICTATION SYSTEM

Technical Field
5 . .
The present invention relates to elevator systenms

and in particular to elevator velocity control.

Background Art

. The need tgo control the velocity of an elevater
is .well known. Reference is had, for .example, to

10 assignee's U.s. patent 4,751,984 of Walter L. Williams
Donald G. McPherson & Arnold Mendelsohn entitled "Dvnami:
?ally Generated Adaptive Elevator Velocity Pr;file"
i1ssued June 21, 1983, as well as to the-‘art cited
therein.

15 As noted in the Williams et al. patent, automatic
eleva?cr operation requires the control of elevator
velocity with respect to zero or stop, at the beginning
a?d.tée end of a trip, to speeds therebetween, which
minimize trip time while maintaining comfort levels and

20 other constraints. The time change in velocity for a
complete trip is termed a "velocity profile." A;;omatic
elevator control further requires control of the distance
t?avelled during a trip in order to accomplish a preci-
Sion stop at the destination floor. -

25 Certain velocity profile generation strategies
may lead to control instabilities. A common strategy is
to uée a2 phase-plane control for precision stopping,
wherein dictated velocity is a function of the distance
to go to the landing. As the distance-to-go apprecachss

30 ?er?,.the slope of the velocity/distance curve apprcaches
Infinity (w). Using linear control theory, it can bé‘
shown that the slope of the phase-plane curve reprasancs
the pos%tion error gain for phase-plane control and :s
pProportional to position loop bandwidth. For the spead



controll'ing the accel eration and decel eration of an elevator in an
el evator speed dictation system The need to controt-. the vel-ocity of an
elevator is well known. Reference is nade, for exanple, - to Docunent
US-A- 4,751,984 of Walter L. WIlianms, Donald G McPherson & Arnold
Mendel sohn entitled "Dynam cally Generated Adaptive Elevator Velocity
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control loop to track the dictated velocity profile with
stability, its bandwidth must be greater by a significant
factor than the bandwidth of the position control loop.
One strategy for reducing the required bandwidth
5 1s to limit the slope of the phase-plane velocity versus
position profile (position error gain) to a maximum
value, such that the position loop bandwidth is suffi-
ciently lower than the velocity loop bandwidth.
Generally, the torque producing capability of
10 elevator motors may vary with speed due to motor current,
voltage, and/or power limitations. If the drive is nct
capable of maintaining the acceleration limit under all
conditions due to these torque limits, some means of
reducing the acceleration (and hence torgue) in the
15 corresponding portions of the velacity profile must ke
provided without compromising operation of the drive at
its limit or complicating the profile generation moxrs
than necessary.
To avoid, inter alia, these problems, in Williams
20 et al. each segment of the velocity profile was generated
at cne of the limits constraining the system; yiz., ac
maximum jerk, maximum acceleration, maximum velocity,
maximum position or loop gain, or maximum motor torgue.
The acceleration portion of the velocity proflle prafera-
25 bly was generated in an open loop manner, beginning with
constant (maximum) jerk, transitioning to constanc
(maximum) acceleration after an acceleraticn limit Iis
attained, and jerking out (negative jerk) at a constant
rate to maximum (contract) velocity when the maximum
30 velocity is nearly attained. However, although williams
et al. represented a very substantial advance in the arg,
it also was subject to improvement, ta which _he prasent,
invention is directed. The disclosure of the Williams et

al. patent is incorporated herein by refersnce.
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As noted in the docunent US-A-4, 751, 984, automatic el evator operation
requires the control the elevator velocity wwth respect -to zero or stop;-
at the beginning and the end of a trip, to speeds therebetween, which
mnimze trip time while maintaining confort |evels and other

constraints. The tine change on velocity for a conplete trip is tarned
a " velocity profile". Automatic el evator control firther requires control

of the distance travalled during a trip in_gyder to acconplish a preci-
sion stop at the destination floor. Certain velocity profile
generation strategies may | esd to countrol instabilities.A common strategy -
IS to use a phase Bigéfﬁ&hféﬂ&f(ﬁﬂﬁ&ngiﬁmiSIOn st oppi ng wherein dictated

i stance - Lo-go appr oachelz RS, AEAEIERe BF the R bartyTH Sratns Caste
appr oaches |nf|n|tgpéedrqflﬂhengotnmeraccahératlonem¢®u¢ﬁlQ%uP REQFRLY LRat
the slope of the pﬁé&f Ebam%éﬂlﬁgwéprﬁﬁﬁﬂEéments well bounded without
' 5 significantly compromising f£light time.” This is a form
of acceleration profile adaptation based on speed.
Another type of adaptation also may be used. The
acceleration and jerk limits for the profile may be
adjusted in accordance with available torque. The torque

10 requirements may be determined from the load weighing
signal, which gives the load in the cab. The accelera-
tion and jerk limits for the profile can then be adjusted
accordingly.

Thus, the profile generator can be made adaptive

15 by presetting the acceleration and jerk limits based on
the load in the elevator cab. This can be done by a
simple computation based on the load weight made at the
beginning of a run. This could be done to peramit the use
of a smaller than usual drive svstem, if so desirad.

20 The dictation system of the prasent invention is
capable of generating for output high-quality velocity
and acceleration signals. It is advantageous because 1t
is highly structured in design, tolerant o=l significant
computational errors, and is easily modified tce handls

25 unusual situations.

Therefore, it is an object of the present inven-
tion to produce a minimum-time velocity/acceleraticn
profile, subject to the following constraints:

. H . 1 .
g contract speed(s) (as 1n Williams et al.):

30 g ride comfort constraints; i.e., accelera-
tion and jerk limits (as in Williams et et al.):
. § drive torque and power limits (follewling

to some degree Williams et al.); and
m compatibility with the dr ive awstem
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the position error gain for pharse-plain control and is proportional to
p05|t|on | oop ban MAdth For the speed - contrel_-Foop-to -track the

|ct ayB&D proflle with stabiity, its bandw dtCh nust be greater by
tor than the bandwi dth of the position control | oop.

‘m%\‘ reducing the required bandwidth is to lim't the slope of
plain velocity versus position profile (position error gain) to
a maxi nrum val ue, such that the position ngp bandwi dth is suffi-

In addition, like Williams et al., the velocity-
profile generation approach of the present invention
preferably:

g provides for precision stopping at the
5 destination floor and re-leveling;
g complies with the code required door zone
and other terminal landing speed limits; and
g accommcedates short runs where the contract
speed is not reached, as well as very short runs where

10 the "stop control command" (SCC) is reached before the
velocity "VBASE" (described more fully below) is reached.

According to the invention and as part cf the
improvement to the approach of Williams et al., each
segment of the velocity profile likewise is generated at

15 one of the limits which constrain the system; viz., at
maximum jerk, maximum acceleration, maximum velocity,
maximum position or loop gain, or maximum motor torque.
The acceleration portion of the velocity profile prefera-
bly is generated in an open loop manner, beginning with

20 constant (maximum) jerk, transitioning to constant
(maximum) acceleration after an acceleration limit 1is
attained, and jerking out (negative jerk) at 2 constant
rate to maximum (contract) velocity when the maxZ L aum
velocity is nearly attained.

25 The invention may be practiced in a wide variety
of elevator applications utilizing known technclogy, in
the light of the teachings of the invention, which are
discussed in detail hereafter.

Some of the technological advancas achieved

30 and/or followed in the preferred embodiment of the
present invention are ocutlined below.

1. The velocity is stored in a  table as.a
function of distance gone during acceleration. This
table can be used in reverse to find dictation as a

35 function of distance to go during deceleration. The new
profile generator explicitly builds the velocity table



clently Tow than the velocity | oop bandwi dth. General ly thr torque
pr oduig $tget GlaPBdah Réplayedof el evator notors may-vary.w t.h speed _due_to notor

curre d/or power limtations. |If the drive is not capabl e of
mai nt leration limt under all condititions due to these
torqu | ,

means of provi ded wi t hout conprom sing
operation of the drive at its |imt or conplicating the the profile
generation nore then necessary. To avoid, inter alia, these problens,
i n docunent US-A-4, 751, 984 each segnmenl of the velocity profile was
gener at ed

from acceleration and jerk constraints. .This.means that
acceleration Ccorresponding to each velocity is known.
The new profile generator stores acceleration information
along with velocity information in tables having distance
S as the independent variable. Table entries are made
during each processor cycle during acceleration. The
acceleration table is used in reverse together with a
numerical scaling to decelerate the elevator. Accelera-
tion information is output by the profile generator at
10 all times (acceleraticn, constant speed, deceleraticn).
No numerical differentiation of velocity is used to find
acceleration, except in special situations. This rasul
in a high-quality acceleration signal. Also, procasscr
time is saved.

13 2. The acceleration signal mentioned in "1

(1

above can be blended with the velocity signal and th

u

combination applied as dictation to a drive. Thi

0

provides an "acceleration feedforward" +that raducs

®

velocity tracking time and thus makes the drive mor
20 responsive. The acceleration signal can also ke applied

in standard fashion to the torque input point cZ a drive

p

(1f available). A disadvantage of feedforward is thaz i

makes the drive system more load sensitive. Load
sensltivity can be compensated for, if a lcad weight
25 signal is available. This may be accomplished by varying

k]
=

i

the proportional gain of the proportional-ints

L

0

a

LIV Y]

controller used in the drive as a functicn cf
weight.
3. The new profile generator has a simple
30 algorithm for computing stopping distance. The algorithm
can be used for runs of all lengths. The s;oppinq
distance is computed based on the DICTATED profile.
4. The stopping distance in "3" is comparad to
DISTTG (distance to go; DRIVE OUTPUT COORDINATES)

35 converted to DICTATION coordinates. .The conversion i

n

[at

accomplished by subtracting the tracking distance erro



at one of the limts constraing the system viz., at. maxinmum jerk,
naxinun1 accel erati on, maxi mum vel ocity, maxi mim posi tion or. | oop
gai n, HHX|nun1QQtor torque. The acceleration portion of the velocjty

prnﬁslslheﬁtﬁiﬁ was generated in an open | oop-manner, beginnihg wth

con jerk, transitioning to constant (' maxi nmum
acc an acceleration limt is attained, and j erking out
(ne a Ive jerk) at a constant rate to maximum (contract) velocity when
the maxi numvelocity is nearly 5

from DISTTG. In the new profile generator the distance
error is not entered in terms of drive tracking delay and
velocity. Instead, the actual, MEASURED, distance
tracking error is used. The measurement is accomplished
5 by using numerical integration of dictated wvelocity to
find distance dictated. The
DISTANCE GONE = LENGTH OF RUN - DISTTG, and
DISTANCE DICTATED ~ DISTANCE GONE = DISTANCE
TRACKING ERROR.
10 The stop control command (SCC) is issued when the
following condition is true:
STOPPING DIST. > DISTTG - DIST. ERROR -
(2 * VEL * DELTAT)
STOPPING DIST. is computed; DISTTG (distance to go) comes
15 from a position transducer; DIST. ERROR is also measured;
and the last term accounts for two cycles of delay in the
processor system. VEL is dictated velocity and DELTAT is
the processor cycle time (10-40 ms 1is typical).
5. The stoé control command as definea in "4"
20 usually cannot be issued perfectly. The distance range
applicable to the velocity and acceleration tables will
not match the distance to go. This problem becomes
especially severe when the elevator is to be decelerated
with lock~ahead-distance-to-go (LADTG) rather than DISTTG
25 as the independent variable. The problem is solved 1in
the new profile generator by the intrcduction cf a
MULTIPLIER. This multiplier is a scaling factor thal
acts on the LADTG to make it equal to the distance rang
for the velocity and acceleration tables. Usually the
30 MULTIPLIER is a number very close to one (1.0) for long

runs. It may deviate significantly from one (1.0) ror

81

b

3 - » a
very short runs because of numerical errors. The
MULTIPLIER assures that numerical errors, timing delavs,
etc., will nct cause bizarre phase plane trajectories.

35 The phase plane-control in the profile generator of the
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invention is self-correcting and robust because of the
MULTIPLIER. _

6. The look-ahead-distance-to-go (LADTG) is made
adaptive in the new profile generator. It is not used
for runs of less than 1000 mm (pure DISTTG is used).
Further, as the end of a run is approached, LADTG has a
"washout" term which is a function of DISTTG. As DISTTG
approaches zero, a multiplier acts on the velocity
dependent portion of LADTG to make that term less and
less significant. Should the control overshoot and the
DISTTG go negative, phase plane control reverts to pure
DISTTG, rather than LADTG as the independent variable.

7. The profile design is modular, structured,
and deterministic. Acceleration, jerk, and distance ccn-
straints permitting, it is capable of being altered after
a run has begun. The meodular design makes design
maodifications relatively easy. Maintenance of the code
and teaching of the design to new engineers is not
complicated.

8. The profile generator can be made adaptive by
presetting the acceleration and jerk limi%s based on tha
load in the elevator cab. This is done by a simple
computation based on load weight made at the beginning of
a2 run. This could be done to permit use of a smaller

v

than usual drive system. Working of examples indicate

[
[
T
cr
$ 4
[{]

that significant cost savings are possible with
degradation in overall service (traffic flow).

Qther features and advantages will be apparsnt
from the specification and claims and from the accompar ny-
ing drawings, which illustrate two exemplary embodiments
of the invention.

Brief Description of Drawings
Figure 1 is a simplified, block diagram of an

exemplary embodiment of the elevator speed dictaticn

System of the present invention.

Lo
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Figure 2 is a graph of the velocity profile of
the invention for an exemplary leng run of an elevatcer
car in accordance with the exemplary principles of the
present invention. (It is noted that the numerical
information on the lower, right side of the figqure rafers
to the data values of the traces at the vertical curscr
line located to the left side of the graphed, displayed
traces; the same being true of Figs. 3-6.)

Figure 3 is a flow chart showing the transiticns
between the regions of the velaocity profile of Figure 2,
as well as of the velocity profiles of Figures 4-§, wita
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belnq illustrated for simplicity purposes in the valcci:y
profiles.
L . . .
fFlgura 4 1s a gragh of the velocity zrofile cf

-y

the invention for an exemplary "Intermediats II" zrsfila
of the elevator car, in which the Intermediats I Yo
illustrates the situation wherein a transitica £a Ragicn
5 occurs after a Stop Contral Command (SCC).

Figure s is a gragn of the valecity zroiils
the invention for an exemplary "Intermediate I' zrIo
of the elevator car, in which the Intermediats I z-3Zila
1llustrates the situation wherein thers is a =ransisiza
from Region 3 to Region 5.

Figqure 6 is a graph of the velocity groiila o7
the invention for an exemplary short zun of tha 2.27a%3

car.

find the stopoing distance.

Best Modes for Carrving Out the Invention

As notad in Williams et al., in order to grovidls2
rapid, controlled and smooth motion control in a
elevator, a velocity profile is generated which coservas
constraints regarding jerk, acceleration ‘and eguipmen

US- A- 4, 130, 184 an- el evator speed cotrol

in



Ly successively stores theoretlcal di stance of novenent

rando

fT‘ a“%he command speed pattern sui- tably corrected and the
sec as a distance to- speed function. Wen and after
bot t equal each other, a command deceleration-"pattern’is’

generation to fO||OM/ObJ€CtiV€S or the cistance-to-speed function. Once
t he. conmand speed again equal s the objective, the intact distance-to-speed
function is used as a command decel erati on pattern concerni ng residual

di stances to stop floor. g

limitations. Typical, exemplary requirements for a high
performance system are:

RISE - up to 400 M
‘ LOADS - 900 TO 3600 KG
5 SPEEDS - 2.5 to 10 M/S
ACCEL. - up to 1.5 M/S
JERK - up to 3.0 M/S
LEVELING =~ +0.006 M

An exemplary function block diagram of the
10 invention is shown in Figure 1. The profile generatcr
(PROFILE GEN.) delivers a velocity signal "vD" and an
acceleration signal "ap" to an elevator control systemn.
The gain "KA" is used to control the blend of the
acceleration signal to the velocity signal in a feed-for-
15 ward control. Alternatively, the acceleration signal
may be routed directly to the motor torque control point
in the motor drive.
Sometimes limiters or filters (not illustrated)
are used between the ¥D and AD signals and the elevator
20 motion system ("EMS"). The EMS includes a position
reference system, which feeds back the car position
("POSITION") to the profile generator.
The function of the profile generator is to bring
the car to the target position within the acceleration
25 and jerk constraints. These constraints may be fixed or

O
w0

they may be a function of available power, motor torgue,
etc. Just before and sometimes even during a run,. the
constraints may be changed. The profile generator is
designed in a structured fashion, thereby permitting

30 adaptation to changing circumstances, even when a run is
under way.

The overall position control system should bring .,
the car to its destination in a minimum amount of Zime,
without vibrations or overshoot. The overall positicning

35 accuracy sought is usually better than plus-or-minus
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|s an obj ect of the present invention to produce a
@ y/ accel eration profile, subject to the follomrng
contract speed(s) (as in US A-45-751, 984)~ --{-err]
acceleration and "jerk limts (as. in

- de

[err] drrve torque and power limts (followng to sone

-10-

three millimeters (&3 mm), although plus-or-minus six
millimeters (t6 mm) is acceptable.

The acceleration limit is usually set by the
available torque in the motor drive. However, in an
oversized system, passenger comfort may determine the
acceleration limit.

In many systems the passenger comfort accalera-
tion sets the acceleration with the motor torgue limita-
tion becoming a problem, only when the cab is empty or
fully loaded. Most high-performance elevator systams ars
equipped with a load-weighing system.

Knowledge of elevator system parameters and the
lcad weight permits computation of the maximum allowed
acceleration basaed on “he motor torque limit.  Those
skilled in the elevator art may routinely make tiis
calculation, which ig based on the mass of the hoistway
equipment, the overbalance used for the counterweight,
the load in the cab, and the available motor tcrgue.

Part of the torgque is esed to offset unbalanca
and friction forces. The other part is used to accelar-
ate or decelerate the system mass.

The profile construction str ategy of the inven-
tion will now be described first in terms of tygical
profiles produced by the exemplary apparatus of tha
invention.

Figure 2 shows the dictated and actual velcci:y
and acceleration for an exemplary- long run. Undar-
standing this profile se- is important because all cthe~-
profile sets are subsets of this one. As can be seen in
Figura 2 various regions 2-7, defined and explained mg:a

fully below, are marked.

The profiles for the first part of the run ars

developed on the basis of dictated accelera-jiap.
Dictated velocity is obtained by the_numerical integra-
tion of the dictated acceleration. .. (Henceforth, as a
matter af form and for simplicitycpurposes, dictated



US- A- 4, 751, 984) ;

In the 1invention at a speed close to the base speed_of the notor,

accel eration reduction preferably is used t o .keep.p = o fed

wel | bounded without significantly conpromising fli I I hi s
accleration profile adaptation based on sp ot her

a form - of

type of adaptation also may be used. The acceleration and jerk limts

and [err] conpatibility with the drive system

for the profile may be adj usted in accordance wi th avail abl e. The
torque : requirenent may be determned frgq.the |oad weighing si gnal

which gives the load in the cab. The accel era-

the profile can then be adjusted
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velocity and acceleration typically will be referred to
without the adjective "dictated™ being added.) The
actual position, velocity, and acceleration are outputs
from the BEMS.

It is noted that the quantity target position -
position = distance-to-go ("DISTTG"). A greatly ampli-
fied trace of "DISTTG" 50 is shown in Figure 2.

The regions in Figqure 2 are defined as follows
and illustrated in block form in Figure 3:

egion Definition

0 zero speed

1 low level phase plane

2 constant jerk to prescribed accel-~
eration

3 prescribed acceleration

4 constant jerk down to constant
velocity

5 jerk level after generation of SccC

6 constant speed

7 phase plane

Regions "0," "1, and "7" agply to runs of all langths.
Regions 0 and 1 are not shown explicitly on the profiles
illustrated in Figures 2, etc., and the meaning of Region
1 1s explained when the phase-plane Region 7 is ex-
plained.

In the profiles of Figure 2 and Figures 4-6, the
profile traces and the parameters they represent ars
tabulated below:

Trace § Parameter

10 velocity

20 velocity dictation

30 acceleration '

40 dictated acceleration

50 distance to go (greatly magnified)

Figure 2 will now be discussed on a time-histcry
basis. The elevator car is stopped. It then acceler-
ates at "constant jerk" in Region 2 until the accelera-
tion limit is reached.

The end of Region 3 is defined when vygyszr is
reached. "VBASE" can be the base velocity or speed of
the motor or a lower speed. "VBASE" is subject to some

S

tion and jrek limts for



Thus, the profile generation can be nmade adaptive b¥?p[esetting t he
1

accel eration

and jerk limts based on the load in

begi ning of a run.

he | o | cet|Hay Bde®Re
This can be done by a sinple conputation based on tfhe J H ”
at the This could be done to pe o]
stem o

smal | er than
t he present

usual drive system if so desired. The dictation sy
i nvention is capable of generating for output high-quality
and acceleration signals. It is advantageous because it 1is

vél ocity
highly structured in design,tol erant of seéggéficant conput at i onal
errors, and easily nodified to handl e usual situations.
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variation, and, typically, it will be close to but a bit
less than the base speed of the motor involved. A "jerk
out" is then defined in Region 4 until maximum speed is
reached in Region 6. Operation continues in Region s,
until the stop control command (8CC) is received.

Region 7 is then entered. In that region the
velocity is commanded as a function of distance-to-go on
the basis of a table of velocity versus distance built up
for all travel in Regions 2-5. At the time the velocity
table is being built, an acceleration table is also keing
built. Both the velocity and acceleration tables can ke
weighted, so that deceleration occurs in diresct propor-
tion to a set "DECELRATIO." The "DECELRATIO" is usually
less than cne (<1.0), but it may alsc be larger than one
(>1.0).

The profile generator regions are illustratad in

U

block form in Figure 3. The transitions from egicns 1
to 0 and 0 to 1 are used at the beginning of a run for
holding the elevator at the floor when the braks is
lifted and the transition to Region 2 1is abcut to
commence. Upon receipt of ScC, it is possible to leavas
Regions 2-4 and enter Region 5.

Deceleration of the elevat&r cccufs in Regian 7
using a phase-plane control. The dictatead velccity and
acceleration used are retrieved from tables built in
Regions 2-5. When the elevator has almost landed or
during recovery from an overshoot, the low-level phase
pPlane Region 1 is entered. The low-level-phasa plane
has a linear slope (velocity/DISTTG) in a range of, for

example, one to four (1-4 sec’') 1/second.

de
f a
f

Actual operation for less than full-length runs

is illustrated in Figures 4-6. Figqure 4 is <termed
"Intermediate II" because the transition to Region 5§
occurs after scc. Figure 9 is an "Intermediaze I®

profile because a transition occurs from Regicn 3 =o
Region §. This figure illustrates the typical operation



4 I n addi t,i on,

li ke US-A-4, 751, 984, the velocity-profile

generation approach of the present invention preferably:

provi des for preci
re-1eveling;

door zone and other termnal |anding speed |imts;

accommbdat es short
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sion stopping at the dest| nat i e#Tifid Mest Haslken Replaced
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runs where the contract
—13-

for a one-floor run. Figurs 6 is a short run in which
the acceleration limit, Region 3, is not reached, and,
thus, transition occurs directly from Region 2 tao
Region 5.

Proper operatiocn of the profile generatar systam
requires careful attention to detail, especially if
smooth, error tolerant operation is desiread. Thesa
details are described below.

~ Major Operations in Profile Generation -

The timed portions of the profiles ara obtained
by successive numerical integrations using the trapezoi-
dal algorithm. This has the following general form:

X, = X,y + (T/2)(dX /4t + dX, _./d%)
whers -

X,.; 1s the previous value of X

e
(computed at time t_, = £ - T); and
T is the step size (cycla time, sampling

rate}.
The major cperations cther than gensration of a
timed profile are 1ljisted here. These occurriag in

Regions 2-6 are:

L. Build the linear portion of the phase—
plane table.

2. Build the phase-plane table in regions

3. Compute the stopping distance (Regions

4. Determine the distance error and scCC.
The following operations are important in transi-
tioning to, and operating in, Region 7 (phase plane):
1. Determine the "MULTIPLIER" for cocoxrdi-

nate transformation.
2.  Compute the Look-Ahead-Distance-To-Go

4

("LADTG") from DISTTG.
3. Interpolate the velocity and acceler;-

tion tables.



countrol command"” (SCC) is reaached before the vel
"VBASE'}( described nore fully below)is reached. -These_o
according to the invention by a nethod of controlling

speed is not reached, as well as very short runs V\harssheemasse@\)‘izﬁu

ved

i

acce

decel eration of an elevator in an el evator speed dictatlon system

according to the features set out in patent claim1.

Dependent cl ai s

to 7 exhibit further inprovenents of the subject-matter of independent
patent claiml1l. As part of the inprovengfﬁ_to t he approach of US-A-4, 751,

984,

4. Transition toc low-level
the end of the run.

phase plane at

Details of the foregoing operations are discussed

below.

5 ~ Phase Plane Table Building -

The phase plane table is built dynamically in a
microprocessor during the timed acceleration portion of
the profile. As the acceleration and velocity dictation
signals are computed each cycle, they are stored in a

10 table together with the index and a

corresponding

distance. The table is built to satisfy the prcfile

requirements in the phase plane deceleration region. At

b=

low speeds where VD ¢ LEVELVEL (elevator approachss the
destination), the relationship between the dictated

15 velocity and the distance~to-go is linear -

VD = K * DISTTG

The corresponding dictated acceleraticn is calcu-

lated as -
AD = K * ¥D

20 where K is the position loop gain (see Fig. 1).

standard profiles -
K = LEVELGAIN

5]
)
a1

For speeds where VD > LEVELVEL, the relaticnship
between VD and DISTTG is nonlinear. The acceleration,
25 velocity, and position entries in the table ars obtained

by successive integrations, and the table
mented each cycle.

index is incre-

Taking the DECELRATIO factor into account, the

equations used for table building are:

30 If VD, £ LEVELVEL
then -
INDEX = n
VTBL(n) = VD,
XTBL(n) = VD  + K

35 ATBL(n) = VD * K

eration an

2

d



each—segnent of thr velocity profile |likew se is generated at one of
the limts whi cg constrain the system vis., at naxﬂhusmxemks&ﬁmk
accel eration, acceleration, maxi num vel ocity, ..nax1nu
| oop gain, or maxi mnum notor torque. The accel eration port|
velocity profile prefera- bl yis generated in an open Ioop
begi nning with constant (maxinmun) jerk transitioning to constant
(maxi mun) accel eration after an acceleration limt is attai ned, and
jerking out (negetive jerk) at a constam#is+ate to nmaxi num (contact
vel ocity when the naxinun1 velocity is nearly attai ned.
The invention nq¥ %geuniced in a wde variety of elevator appllcatlons
utilizing known TR ogy, in the light of the teachlngs of t he
i nvention, which are if VD, > LEVELVEL
then -
INDEX =n
5 VTBL(n) = VD,
ATBL(n) = ¥ * [ATBL(n~l) + AD, * DECELRATIOC]
XTBL(n) XTBL(n-1) +
+ 4T * [VIBL(n-1l) + VD,] +
DECELRATIO

10 where -
LEVELVEL = AD, * DECELRATIO + K
Table building continues until the acceleration
reaches zero, or, in other words, it is stopped for one
of two reasons:
15 (1) Region 7 (phase-plane) is entered
without going through Region 6 (constant velocity): or
(2) a transition is made to Regicn §.
~ Stopping Distance and SCC Determination -
Besides table building, computations preferably
20 are being made during acceleration to determine the
stopping distance based on the dictation. This stc ccplng
distance is correct if no time delavs ex159 in the
velocity control systenm.
The following basic equations applied to Figure
253 7 are used to compute the stopping distance when Regicn
6 (constant velocity) is not entered:
Jo, = J,
AD = Aj + J,*t

n

VD, = Vy + Agkt + y*J *t?

Qa
30 XD, = X, + Vg%t + yxast? + 1/6#J ¢’
where -
JD,, AD,, VD, and XD, are the current dictated,
jerk, acceleration, velocity and distance, respectively
(at time t = t ); and Jgr Ay, V, and X, are the initial

35 Jjerk, acceleration, velocity and distance, respectively.



di scussed in detail hereafter. Sone of thﬁmgﬁghmgbaghﬁﬁ&xd

advances achi eved and/or in the preferred embodi
- 4da - 1. The valocity is stored i-n a PE tion
[ gone during accsleration. This tab[e can erse

of di stance
to find dictation as a

If the 8CC command is generated during the
constant velocity portion (Region 6), then the stopping
distance is determined only by the current distance

. stored in the table. Otherwise, the stopping distance is
5 given, after some derivation, by:
STOP.DIST = XTBL(n) +
+ (VD,*AD/J, + 1/3*%AD /T2 * (1 +
+ 1/DECELRATIO)
The stopping distance must be compared not to the
10 actual distance-to~go but to that value corrected for
delays. The following equality defines the stop centrsl
command (SCC) point, when processor system delays are
neglected.
STOP.DIST = DISTTG - DIST.ERR.
15 where -
DISTTG = TARGET.POS - CURRENT.POS
DIST.ERR = DIST.DICT - DIST.GONE
DIST.GONE = CURRENT.POS - STARTING.POS
The dictated distance "DIST.DICT" is computed by
20 integrating the dictated velocity, "vVD ":
DIST.DICT = XD, = XD, + (VD, + VD, ,] * 4T

In a real system implementation, the information

n-1

processing delays in the position loop become significant

and must be compensated. The equality given above for

¢5 "STOP.DIST" is modified as indicated for implementation
in a real system:

STOP.DIST 2 DISTTG - DIST.ERR - n * VD * T

The number n = 2 is usually used to account for
a delay of two processaor cycles.

30 ~ Phase Plane Deceleration of Elevator -

In the phase plane region, a linear interpolation
technique preferably is used to calculate the accelera-
tion and velocity signals from the previously constructad
tables. The distance—to—go to the target landing is used

35 to index the tables.



function of distance to go during decel eration. The new profile generator
explicitly builds the velocity table from accel eer{aﬁﬁi&dand

jerk constraints. This neans that accel erati on-corré
velocity is known. : “m
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Table building and determination of SCC have been
described to this point. The matter of transitioning to
Region 7 (phase plane) will now be addressed. At the
transition to Region 7, the dictated velocities are

S inherently matched (AD = 0).

Distances, however, may not be matched, especial-
ly since a coordinate transformation is introduced.
Distance control is shifted from distance~to-go to
Look-Ahead~-Distance-To~Go (LADTG). The LADTG used here

10 is a variant of a similar quantity described in thHe
Williams, et al. Patent 4,751,984, referred to above.

LADTG as defined below is used for the proper
operation of the phase plane control, especially as the
target landing is approached. The RATIO is used to blend

15 LADTG into DISTTG at the target landing. The VD, * T,
term is identical to that of Williams, et al. The
MULTIPLIER is used to assure that LADTG matches the last
distance entry staored in the phase plane tables.

LADTG = (DISTTG ~- COMPENSATION) * MULTIPLIER

20 where -

COMPENSATION = VD,.; * T, * RATIO
T. - approximates the position loop delay

<
and is a constant, which is adjustable in the EMS.

As the dictated velocity decreases to zero,
25 LADTG approaches the value of DISTTG. The rate at which
the COMPENSATION term is reduced to zero 1s Ffurther

controlled by the RATIO factor.
As the elevator approaches the destination floor,
the value of RATIO must be gradually reduced ("washed-
30 out") from one to zero (1 to 0). Consequently, RATIO is
defined as follows:
If DISTTG > WDIST
then RATIO = 1, else RATIO = DISTTG + WDIST,
where ‘"wash-out distance" (WDIST) is:
35 WDIST = LEVELVEL + LEVELGAIN



The new profile generator stores acceleration |nfornat|oq. along with

velocity information in tables having distance as the ﬁmfkphmd
vari abl e. Tabl e entries are nmade during each process

accel erati on. The acceleration table is used i-n rever

a nunerical scaling to decelerate the el evator. Accelera- tlon
information is output by the profile generator at =~ all tines

(accel eration, constant speed, deceleration). No nuneri cal
differentiation of velocity is used to find accel eration, except in
special situations. This results in a¥gh-quality accel eration signal
Al so, processor tinme i s saved. 2. The acceleration signal-

mentioned in "1" aboye 3 e nded with_the vel qcit n t he
conbi nati on appljed as di c?’gltgl %n #)Aop 13’1‘1"\% 1S Phven b %v%ﬁg a%@féj
"accel eration fét%ﬂ% fe%r @ Paat ineacdsfinividrocndy beambn:eg usefulanih t hus

makes the drive sowe cirecefsestides: THE1ECGY of Afd A1k CAR A 50, De
appl i ed grammeg simulation discussed below.

5 ' The MULTIPLIER is calculated only once, as the .
profile enters the phase plane deceleration regicn. It
then remains constant until the end of the run.

MULTIPLIER = XTBL(M) + DISTTGT
where -
10 XTBL(M) ~ is the last distance stored in the
table, and
DISTTGT ~ is the actual distance-to-go at
the transitien point.

At the transition to the phase plane, LADTGT is

13 forced to match the last phase plane entry:
LADTGT = XTBL(M)

Subsequently camputed LADTGs ara then scalad by
the value of the MULTIPLIER, as shown asove.

For best decaleration control, MULTIPLIER wvalues

20 close to unity or cne (1. 0) are desirable.

The dictated acceleratzion AD and VelOCLtf VD ara
calculated from the phase plane table using a linear
interpolation technique. LADTG 1s used as an Lndaxing
reference.

25 AD = (A - ([(X - LADTG) + (X - Xi)]
* (A - Al)} * MULTIPLIZER
VD =V - [(X - LADTG) + (X = X1)] * (V - V1)
where -
A = ATBSL(n), V = VTBL(n), X = XT3L(n)
30 Al = ATBL(n-1), V1 = VTBL(n-1), and
X1 = XTBL(n-1)

After the ehtries in the phase tablz are almost,
used up, a linear phase plane trajectory is used basad on
LADTG. If an overshoot occurs; similar control is used

35 and DISTTG is used rather than LADTG. The equations



I n standard fashion to the torque input point of a drive (if available).

A di sadvant age of feedforward is that it makes thelﬁﬁSVE §F@

| oad sensitive. Load sensitivity can be: conpensate

wei ght signal is available. This may be acconpllshed the
proportional gain of the proportional-integral controller used In the
drive as a function of | oad wei ght . : The new profile
generator has a sinple al gorithmfor conputing st oppi ng di stance. The
al gorithm can be used for runs of all=1%ngths. The stopping

di stance i s conmputed based on the DI CTATED profile. : 4. The

st oppi ng di stan [ 3" 1 s _conpared to DI STTG (di stance to go; DRI VE
QUTPUT COORDI NA 1'}.55% eoﬁl?ﬁ??e&%‘fms @m@seﬁaﬂﬁlﬁa@e bHfebedaver si on

i s acconpl i s harges: laotling &ba:tracki ng di stance error
VD = LADTG * K
AD = - VD # K # MULTIPLIER
5 where K = the position loop gain.
If the target landing is overshot, then Region 1
(low-level phase plane) is entered to bring the car back
to the landing. However, the acceleration signal, if
used for feed-forward control, is modified after the zero
10 crossing. "AD" should either be set to zero or computed
by the numerical (time) differentiation of VD:

AD = {VD(n) - VD(n-1)] + T
where T = cycle time of processor.
- Profile Simulation -
15 An exemplary simulation for the profile generat-
ing system written in BASIC (Microsoft's "QuickBASIC
4.0") 1is presented below. In the program graphics

routines used with the simulation are unnecessary for
this disclosure and have been removed for purposas of
20 simplicity. The BASIC used here is structured and reads
very much like ordinary English or math statements (i.s.,
/ = divide; *» = multiply; ~ = exponent; etc.). "Quick
BASIC" allows simple calls to subroutines. Also, progran
control may be shifted by a "GO TO'" to a named label.
25 As can be seen, the first part of the progranm
consists of declarative statements and comments. Next,
parameters for the profile are set and preliminary
computations are made. This type of operaticn can take
place adaptively in a real elevator control to adjust for
30 changing conditions.
Variables are initialized and flags are sat.,
Similar operations occur in the control code used to run
an elevator.

The distance for the profile is entered.



from DI STTG| In the new profile generator the distance error
entered in terns of drive tracking del ay

act ual MEASURED

I S not
and val ocity. This Sheetlmsse:aﬁeplachb

, , di stance tracking error is used.
acconpl i shed by using nunerical integration of dictated v

10

15

20

25

30

s
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The block of code called "READ PHASE PLANE TABLE"
is bypassed, and control -shifts to a point labeled
"TIMED.PROFILE." profile generation takes places on a
region by region basis as described previously. "VD" and
"AD" are found by numerical integration. Building of the
phase-plane tables takes place next. . There are then
cperations to find the dictated distance, "DIST.DICT," by
numerical integration and the distance error, '"DIST.ZERR.*®

Next, the stopping distance is found by a call to
the subroutine called USTOPD." Then a check is made if
SCC% = 1, meaning a stopping sequence should be initi-
ated. The "SCC" determination is based cn "DISTTG, " as
computed below, "DIST.ERR," and the dictated velocity
“vD. "

Control then shifts to the label "VZLCONTRGL:"
The subroutine "VELCONTRGL" is cailad t3 simulate in
simplified form the operation of the2 EIMS of Figure 1 (a
medel of a DC drive may be used). This subroutine
provides an updata to the actual velocity and accelsra-
tion. Importantly, is provides the "DIST.GOMNZI" (actual
distance traveled Dy the elavator). From "DIST.GONZI" the
"DISTTG" is computed.

The simulation continues with a timed-based

profile being generated until SCC% 1. The stcooing

Sequenca then commences. For other -han a long run, tialis

condition of zeras acceleration 1s reach
analogous to operation in Region 5, which is commantad
as "SCC ACTIVE". .

When AD = Q, control shifts to e label near the
beginning of the proegram entitled "PP.PROFILE" — RZIAD
PHASE PLANE TABLE." The distance range for the tabl 1
first matched to the "LADTG" (found bv a Il o
subroutine). The match is made using the caamezar
called "MULTIPLIER." The "MULTIPLIER" is computad cnlv
once during a run. Next; reading of the valocity and

vi

fu



find distance dictated. The DI STANCE GONE =LENGTH OF RUN -

DISngsmgnQSE&nRelmmj TRACKI NG ERROR. The stop control command
(SCI) en the follow ng condition is true ) .
(2> VEL *

STCP DISTTG - DI ST. ERROR -
DELT i s conputed; DISTTG (distance.to ‘go) comes froma

DIST ERROR i s al so neasur ed; the processer cycle

position transducer
time (10-40 ns is typical). 5. The stop control conmand as
defined in "4" -21-

acceleration tables eccurs, using an interpolation
algorithm. .
The phase plane changes ts a straight 1line
definition when the table index N% = 1 (table exhausted).
5 A region called "LOWLEV.PROFILE" is then defined. The
simulation differs from the actual profile generator in
that Reqlcn 1 here applies only to the end of the run and
that the sanme Phase-plane slope is used for tabla
continuation ang for recovery from overshoots.



usually cannot be issued perfectly. The distance range applicable to
the velocity and acceleration tables will not match the distance to go.
Thi s prT plaseheci al |y serve when the el evator is to be. .
decel er l “Tahead-di stance-to-go (LADTGracher than DI STTG as the
I ndepan The problemis solved in tne new profile
generator by the introduction of a MITIPLIER This nultiplier is a
scaling factor than acts on the LADTGto nmake it equal to make it- equal to
the distance range for the velocity and acggleration tables. Usually the
MULTIPLIER is a nunber very close to one (1.0) for long runs. It may
deviate significantly fromone (1.0) for very short runs because of
munmerical errors. The MILTI PLI EREZENDLARYt BRETOURROEERAME+TrOrs, tim ng
del ays, etc., will not cause birarre phase plane trajectories. The phase
pl ane-conrol in tPRCIARE SUB TAPIGTANCEt QLADTG, MULTIPLIER, RDISTANCE,
" distance, VD, DISTTG, DELTATC, LOWLEV%)
DECLARE SUB VELCONTROL (VDICT!, AM!, VM!, xM!, DT!, T!,
5 RESETFLAG%, DRIVELIM) -
DECLARE SUB STOPD (XSTART, VSTART, AD, XSTOP, VMAX,
DECELRATIO, JERK)
TITLE: NEWVEL
COPYRIGHT: OTIS ELEVATOR COMPANY
DATE WRITTEN: 2/15/88

10

LANGUAGE: QUICX BASIC 4.0
PURPOSE: SIMULATE NEW MCSS NORMAL PROFILE GENERATOR

15 ‘lwww4+ ARRAYS FOR PHASE PLANE TABLE IN MAIN MODULE
DIM PPV(600), PPS(§00), PPA(6C0)

:***** ARRAYS FOR GRAPHING SUBROUTINE GRAFL

20
?IM PARR(4, 600), SFL(4), ST(4), GAIN(4)
[*%xx% INIT SCREEN, SET SCREIN TYPE TO 2 (CGA), 9 (EGA),
.5 : OR 10 (MONQ)
3

?LS : SCREEN 0, 0, O: COLOR 7, O, O0: KEY OFF: SCRN = 9

f*%* SET PARAMETERS FOR PROFILE AND COMPUTE RELATED VALUES

30 ACCELLIMIT = 1200 'ACCELERATION LIMIT

JERKLIMIT = 2400  'JERX LIMIT DURING ACCELERATION
OECELRATIO = 1! 'RATIO OF DECELERATION TO ACCELERA-
TION
VELLIMIT = 6000 'MAX SPEED, CONTRACT VELOCITY, ETC.
35 LEVELGAIN = 3!  'LEVELING GAIN (POSITION LOOP GAIN)
OELTAT = .04: DELTATC = .1: 'CYCLE TIME AND TIME DELAY

IN VELOCITY CONTROL
STOPTOLV = 40: STOPTCLS = §: 'THESE DEFINE CONDITION FCR
' BRAXE DROP
40 VELLIMITL = 1.0l * UESLLIMIT 'USED FOR SPEED CHECK
VBASE = 4800 'VELOCITY AT WHICH ACCELERATION IS REDUCED
: AT JERKBASET RATE
VBASE<VELLIMIT TO BE EFFECTIVE
DELTAACCELS = JERKLIMIT * DELTAT / 2 'ACCEL. INCRE. FOR
: TESTING ACCEL.
. REDUCTION
‘#kwes INITIALIZE VARIASLES AND SET FLAGS
REGIONY = 2 ' START RUN IN REGION 2
50 RESETFLAGY = 1 ' CAUSE VELCONTROL SUBROUTINE TO INITIAL-
IZE ON FIRST PASS
?srop = 999 ' FLAG AND REGISTER FOR STOPPING. TIME
WITHIN STOPTOLS AND STOPTOLV

4s



-7 - S self- correcting and robust because of the

NULTIPLIER . The | ook-ahead- distance-to-go (LADTGi s nade
adative MBSy qe generator. It is not used __for. runs --of- |ess
t han 100 I is used). Further, as the ehAd of- a run is
appr oache .- :

-3

YD = 0: AD =0 ' INITIAL DICTATED VELOCITY AND ACCELERA~

TION
BUILD.TABLE% = 1 ' TABLE IS BUILT WHEN RUN STARTS UNTIL
AD = 0
5 READ.TABLE§ = 0 ' TABLE IS READ DURING PHASE PLANE
DECELERATION TO LANDING
Scc =0 ' STOP CONTROL COMMAND = 1 STARTS
STOPPING SEQUENCE
DIST.GONE = ¢ ' START AT ZERO POSITION
10 CLOCK = ¢ ' START AT ZERO TIME
PPI% = 0 ' INITTAL INDEX FOR TABLE

PPV(PPI%) = 0: PPS(PPI%) = O: PPA(PPI%) = O ' INITTAL
: S VALUES OF
TABLE
15 I"!ATCHFLAG% = 1 'FLAG TO COMPUTE MULTIPLIER ON FIRST PASS
READING TABLE
MULTIPLIER = 1 ‘'USED FOR PERFECT MATCH OF VELOCITY TA3LE
TO CURRENT VELCCITY

LOWLEVS = 0 'LOWLEVEL PHASE PLANE WHIN LOWLEVE=1
20 ' NO LOWLEVEL CTHYIZRWISE
LLTIMES = 0 '"FLAG TC CAPTURE START OF LOW LIVIL
OPERATION

' VELMAXFLAG: = 0 'FLAG TO CONTROL PROFILS WHERE VEL MAX(SUB
. STCPL) DETIRMINES S\_\.
25 distx = 0

:BRAKE LIFTED AT START OF RUN; 3RAXZ DROPPED AT T=FLTTIME

|®*4** PARAMETERS RIQUIRZD FOR GRAFL SUBROUTINE

30
igo= 1: FOR I = 0 TO 3: GAIN(I) = L: NIXT I: GAIN(4) =
XSCALE = 1: XSTART = 0

1s FOR I = 0 TO 4: PARR(I, 0) = 0: NEXT I

:SCR.EEN PRINT OF PARAMETERS AND IN3UT OF RUN DISTANCE
1

LOCATE 10, 1: INPUT "DISTANCZ FOR RLN (mm) (3553 mm
40 default)= "; distancs

IF distance = 0 THEN Qdistance = 3533

DISTTG = distance

RUN.DISTANCE = distance

%OCATE 12, 1: PRINT "DISTANCE FOR RUN = ", diszance

43

GOTO TIMED.PROFILE
fodkte GOTO TIMED DROFTLE w4 hw it ieeeeeeieninndtikeritnr:
'

50 PP.PROFILE:
"#4xvx READ PHASE PLANT TASLS ¢ervveterorerrrnanerrrbbrveey
[ ]

IF READ.TABLEY = 0 THEN
GOTO TIMED.PROFILE



"washout " termwhich is a function of DI STTG As D-STTG approaches.zero,..a
multiplie el SpenRetidsed vel ocity dependent portion™of LADTG to make that
term | €8 gni ficant. Should the control ,overshoot and the
DI STTG gﬂm\x@m\“\ase plane control reverts to pure DI STTG ‘rather than
LADTG as endent vari abl e. 7. The -profile design is
nmodul ar, -structured, and determnistic. Acceleration, jerk and distance
a run has begun. The nodul ar desi gn nakes design a run has begun. The
modul ar desi gn makes design a nodificatioggLel atively easy. Mintenance of
the code and teaching of the design to new engineers is not conplicated.,
8. The profile generator can be nade adaptive by

ELSEIF LOWLEVY = 1 THEN

GOTQO LOWLEV.PROFILE
END IF
1

5 ' READ VELOCITY AND ACCELERATION FROM PHASE PLANE TABLE

BUILD.TABLES% = O

! GO COMPUTE LADTG
]
10 CALL LADISTANCE (LADTG, MULTIPLIER, RDISTANCE, distance,
VD, DISTTG, DELTATC, LOWLEV%)
’

'"MATCH OF TABLE TO LADTG
!
15 IF MATCHFLAGY >= 1 THEN
MULTIPLIER = PPS(PPI%) / LADTG
MATCHFLAGY = 0
LADTG = PPS(PPI%)

END IT
20 !
1
DO UNTIL BPS(PPI% - 1) <= LADTG
PPI% = PPI% - 1
F PPI% <= 1 THEN
25 LOWLEV: = 1
GOTQ LOWLEV.PROFILE
END IF
LooP
1
30 .
SRATIO = (PPS(PPI%) - LADTG) / (PPS(PPIL%) - PPS(PFPL% -
1
vé)= (PPV(PPI%) - (PPV(PPI%) - PPV(PPI% ~ 1)) * SRATIO)
AD = -(PPA(PPI%) - (PPA(PPI%) - PPA(PPIY - 1)) * SRATIQ)

35 * MULTIPLIER

GOTO VELCONTROL .

Cededde® GOTO VELCONTROL SIMULATION ekt e de e e e i e ook e e oo
40 !

LOWLEV.PROFILE:

t#%*x%* CONTINUE PHASE PLANE AT END OF RUN

[ ]

CALL LADISTANCE (LADTG, MULTIPLIER, RDISTANCE, distance,
45 VD, DISTTG, DELTATC, LOWLEVSY)

L}

Je Je Je J¢ Je Je Je de de e X e ek

vD

AD

t
50 GQTO VELCONTROL .

teeRerd GOTO VELCONTROL SIMULATION #ukhwibr bk rakdy

LADTG * LEVELGAIN
~VD * LEVELGAIN * MULTIPLIER

[Z2 X R XN



presetting the acceleration and jerk limts based on the load in the
el evator cab. '\I;@gs Is done by a sinple conputation based on | oad
wei gmsmd@m“ﬁ eginging of a run. This could-be done-to permt use
of a I t sual drive system Wrking of exanple indieates that
Si gni@m\r\‘“ vings are possible with little degradation in overall
servi raffic flow O her features and advantages w l.l be
apparent fromthe specification and clains and fromthe acconpany- ind
drawing, which illustrate two exenpl ary erlgdi nents of the invention.
Figure 1 is a sinplified, block diagramof an exenplary enbodi mrent of the
el evator speed dictation
Taese% CENERATE TIMED PROFILE DURING AD AND *##¥wksksrx
' ###%* WHILE RUNNING AT CONTHACT (CONSTANT) SPEED **x*%**
]
| S ON REGIONY GOTO REGION2, REGION2, REGION3, REGION4,
} REGIONS, REGIONG
1

REGION2: 'START HERE ~-- JERK IS CONSTANT
10 !
JERK = JERKLIMIT
t
| #k%%% VERY LOW SPEED PROFILE SETS VELMAXFLAGY *kkikiiwts
Taekess (VELMAX COMES FROM STOPPING DISTANCE SUB-
15 ' ~ROUTINE) dedededesns
]
IF VELMAX >= VELLIMIT - AD * DELTAT THEN
VELMAXFLAGY: = 1
REGIONS = 4
20 GOTO REGION4

END IF
1

IF AD >= ACCELLIMIT THEN
REGIONY = 3
25 GQTC REGION3
ELSEIF SCC% = 1 THEN
REGION% = 5
GOTO REGIONS
END IF
30 GOTO START.INTEG
1

REGION3: ' CONSTANT ACCELERATION
1

JERK = 0
35 AD = ACCELLIMIT
!

IF VELMAX >= VELLIMIT - AD * DELTAT THE}
VELMAXTLAGY = 1
REGIQN% = 4
40 GOTO REGION4
END IF
'

IF VD >= VBASE THEN
REGIONY = 4
45 GOTO REGION4
ELSEIF SCC% = 1 THEN
REGION% = 5
GOTQ REGIQNS
END IF
50 GQOTO START.INTEG
J

REGIONY: 'HIGH SPEED ACCELERATION REDUCTION.
]

rﬁ**twCQMPUTEJERKDYNAMICALLYﬁata-.*~*g3*3a¢~~~~.#~~~»



system related to the Pr esent invention. Figure 2 1is
gra llns Siect HacBed R G rofi le of the invention for an exenplary |ong

run
t he
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II,:ar [ accordance with the exenpl ary pri.nci ples of
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JERK = -AD ~ 2 / (2 * (VELLIMIT - VD))
DELTAACCEL = -JERK * DELTAT / 2
)

IF VD >= VELLIMIT1 OR AD <= DELTAACCEL THEN
REGION% = 6
BUILD.TABLEZ =
DIST.ERRMAX = DIST.ERR
GOTO REGIONSG

ELSEIF SCC% = 1 THEN
REGION3 = 5
GOTO REGIONS

END IF

GOTO START.INTEG

]

REGIONS: 'SCC ACTIVE
 §

JERK = -JERKLIMIT

'

IF AD < DELTAACCELS THEN
JERK = 0
AD = 0
READ.TABLEX = 1
BUILD.TABLE% = 0
END IF

GOTO START.INTEG

1

REGIONS: 'RUN AT CONTRACT SPEED
!

JERK = 0

AD = ¢

VD = VELLIMIT

IF SCC% = 1 THEN
READ.TABLE% = 1
GOTO PP.PROFILE

END IF

1

START.INTEG:

t4s%kdx FIND DICTATED AD AND VD FROM JERK %k ki ki ik
LOCATE 17, 1: PRINT "REGION = ", REGION%, SCC%,
DIST.GONE

1]

PREVA = AD

AD = AD + JERX * DELTAT

IF AD > ACCELLIMIT THEN AD = ACCELLIMIT
IF AD < 0 AND READ.TABLE% = 0 THEN AD = O
VD = VD + ((AD + PREVA) / 2} * DELTAT

]

'*%%%#% BUILD PHASE PLANE TABLE DURING ACCELERATION **kwxk*
J
IF BUILD.TABLE% = 1 THEN
PPI% = PPIY + 1
PPV(PPI%) = VD'
ELSEIF READ.TABLE% = 1 THEN



present invention. (It is noted that the nunerial information on the
| owerhis Shegfiblas BoepiRenficedt he figure refers to the data values of the traces at
t he vj line located to the left side of the graphed,

di spl e sama being true of Figs 3-6.) - ~ Frgure 3 is a
flow chart show ng the transitions between the- regions of the velocity
profile of Figure 2, as well as of the velocity profiles of Figures 4-5
with Regions 0 (zero speed) and 1 (low | evel phase plane)not being

illustrated for sinplicity purposess int%& velocity profiles. Figure 4
is a graph of the velocity profile of the invention for an exenplary ~

"Intermidiate 11" profile _illustrates the situation wherein a transition
to Region GOTO PP.PROFILE
ELSE
GOTO STOPDIST
END IF
5 t

Vadk** BUILD TABLE ON STRAIGHT LINE TRAJECTORY -
' - TEST FOR LOW SPEED PROFILE *kkdkkdikkikkhihihtirs
]
LEVELVEL = (DECELRATIO * (AD + J * DELTAT)) / LEVELGAIN
10 RDISTANCE = LEVELVEL / LEVELGAIN' DISTANCE FOR WASHOUT
RATIO IN LADTG
IF PPV(PPI%) < LEVELVEL AND SCC% = 0 AND VELMAXFLAGY = 0
THEN
PPS (PPI%)
15 PPA(PPI%)
ELSE ’
PPS(PPI%) = PPS(PPI% -~ 1) + (PPV(PPI%) + PPV(PPI% -
1)) * DELTAT / (2 * DECELRATIO)
PPA(PPI%) = (AD * DECELRATIO + PPA(PPI% - 1)) / 2
20 END IF
t
DIST.DICT = DIST.DICT + (PPV(PPI%) + PPV(PPI% - 1)) *
DELTAT / 2
DIST.ERR = DIST.DICT - DIST.GONE
L

PPV(PPI%) / LEVELGAIN
PPV(PPI%) * LEVELGAIN

25
STOPDIST: _ ,
to%xx* FIND STOPPING DISTANCE TO DETERMINE SCC *wwkkriwxs
]
IF SCC% <> 0 THEN GOTO VELCONTROL
30 !
' COMPUTE STOPPING DISTANCE
]
IF REGION% = 6 THEN
STOPDIST = PPS(PPI%)
35 DIST.ERR = DIST.ERRMAX
ELSE )
CALL STOPD(PPS(PPI%), VD, AD, STOPDIST, VELMAX,
DECELRATIO, -JERKLIMIT)
END IF
40 ' CHECK FOR STOP CONTROL POINT
1
1 .
IF STOPDIST >= DISTTG - DIST.ERR - 2 * DELTAT * VD THEIN
SCC% = 1
45 ELSE
SCC% = 0
. END IF
]
VELCONTROL:

50 ! kdkxd* STMULATE VELOCITY CONTROL SYSTEM Je J¢ de Je Jo de e de de k K ke ke ke ok

t
' SIMULATE VELOCITY CONTROL (DC-DBSS)
L]



5 occurs after a Stop Control Conmand (SCC). Figure 5 is a graph of
the gk Siekitas PEeaRepiRedf the invention for an exenplary "Internmdiate |"

profil tor car, in which the Internediate I profil.e -
i1l ust ation wherein there ia a transition fromREgion 3 to
Regi o . Is a graph of the velocity profile of - 't he

i nvention for an exenplary short run of the elevator car. Figure 7 is a
conparative graph of exenplary velocity and accel eration curves used in the
invention to find the stopping distance=28-

CALL VELCONTROL(VD, AM, VACTUAL, DIST.GONE, DELTAT,
CLOCK, RESETFLAG%, DRIVELIM)

DISTTG = distance - DIST.GONE.

1

§ LOCATE 20, 1: PRINT USING “ELAPSED TIME = ##.##"; CLOCK
%

k% kk* DREDARE FOR GRAPHING OUTPUT *kdedkdedddkdeddssh sk dodk ki
'FILL PLOT ARRAY

10 PARR(0, SP) = AD
PARR(1l, SP) = AM
PARR(2, SP) = VD
PARR(3, SP) = VACTUAL
PARR(4, SP) = DISTTG
!

15
1
LOCATE 18, S: PRINT "DISTTG, DIST.ERR = ", INT(DISTTIG).
INT(DIST.ERR)
1

20 'SET SCALE FACTORS FOR PLOT
t
FOR I = 0 TO 4
IF ABS(PARR(I, SP)) > SF1(I) THEN
SF1(I) = ABS(PARR(I, SP))
25 END IF
NEXT I
SP = SP + 1
1

'"EQUALIZE SCALE FACTORS
1}

30
IF SF1(0) > SF1(1l) THEN SF1(l) = SF1(0) ELSE SF1(0) =
SF1(1)
IF SFL1(2) > SF1(3) THEN SF1(3) = SF1(2) ELSE SF1(2) =
SF1(3)
3s ! N
T#%k%* PROCESS SIMULATION CONTINUATION AND TERMINATION ==
t
IF VACTUAL <= STOPTOLV AND DISTTG <= STOPTOLS AND TSTO?
= 999 THEN
40 TSTOP = CLOCK + 1
FLTTIME = CLOCK
ELSEIF DISTTG <= =76 THEN
GOTO FINISH
FLTITIME = O

45 END IF
1

IF CLOCK < TSTOP THEN
IF BUILD.TABLE% = 1 AND READ.TABLE% = 0 THEN
50 GQTO TIMED.PROFILE -
ELSEIF BUILD.TABLE} = O AND READ.TABLE% = O THEN
GOTQO TIMED.PROFILE
ELSE
GOTQ PP.PROFILE

s



Best Mbdes for Carrying Qut the Invention. ~As noted in 751 984,
I N OREleEhebiPlas BleRKEfIRed api d, controlled and snmooth notion control in an

el evat [ profile is generated which observes constraints
regar Cﬁﬂm ﬂmﬁ ﬂmml eration and equi pnent S
-9- :

-29-

END IF
END IF
1]

FINISH:
S I¥%*** STOP SIMULATING AND START GRAPHING wiiihtinss

IF LOWLEVY = 1 AND LITIME: = 0 THEN
gocamx 22, 1, 0
RINT USING "LOW LEV AT #2.%#"; CLOCK
10 LLTIMES = 1 i
END IF
]

LOCATE 21, 1: PRINT USING "FLIGHT TIME = ##.%2"; FLTTIME
LOCATE 24, 1, 1: PRINT "PRESS ANY KEY FOR PLOT...";
15 ?EGIN: X$ = INKEY$: IF X$ = "" THEN GOTO BEGIN

:***** CALL THE GRAPHING SUBROUTINE **kdkkhhkhkhikkkkhkikikirs

‘CALL GRAF1(PARR(), GAIN SF SF1 XSCALE, XSTART
20 SCR.N', SP' DELTAT) () ’ () 14 () ’ ’ ’

END

]

SUB LADISTANCE (LADTG, MULTIPLIER, RDISTANCE, distance,
YD, DISTTG, DELTATC, LOWLEVS)

28
LOCATE 16, S: PRINT "multiplier= *; MULTIPLIER
"hxdkk DESCRIPTION #wwwn*
!
LOOK AHEAD DISTANCE TO GO COMPENSATES FOR SOMZ CONTRCL
SYSTEM DELAYS
30 IT IS DISABLED FOR THE CONDITIONS INDICATED BELOW

THE MULTIPLIER IS REQUIRED FOR MATCHING OF DISTANCES
PRIOR TO READING OF THE PHASE PLANE TABLE

]
1
?
]
]
t
35 IF disEance > 1000 AND VD > 0 AND LOWLEV% = 0 THEN
IF DISTTG < RDISTANCE THEN
RATIO = ABS(DISTTG / RDISTANCE) ~ .25

e ey

Ld
RATIO = 1
40 END IF
VELDEL = VD * DELTATC * RATIO
ELSE
VELDEL = ¢
END IF
45
?ADTG = (DISTTG - VELDEL) * MULTIPLIER
r
END sSUB
5¢ !

iggwfropo (XSTART, VSTART, AD, XSTOP, VMAX, DECELRATIO,
| COMPUTATIONS RELATED TO STOPPING DISTANCE SEQMENT



limtations. T%Qical exenpl ary requirenments for a high per formance

system arlgis Sheet Has Been Replaced Rl SE _ up to 400 M LOADS
=77 T900 TH'WHHIM‘ m l!“ SPEEDS - 2.5 to 10 M'S

ACCEL. MS JERK - - upto.3.0MS
LEVELI NG - 0.006 M An exenplary function -hlock diagram of
t he I nvention is shown in Figure 1. The profile generator ( PRCFI LE
GEN.) delivers a velocity signal "VD' and an accel eration signal-"AD" to
an el evator control system The gain "Kf&§gls used to control the blend
of the acceleration signal to the velocity signal in a feed-for- war d
control . Al ternatively, the acceleration signal may be routed directly

to the notor torqqghﬂNRQQEQWaﬁ#mn is perfbeméadt Oh HwbdVfarts: 1) From
VSTART (jerkout point) to the velocity peak VMAX.
2) From VMAX back to a speed equal to VSTART.

It can be shown that the time in the second region
1S equal to the time in the first region divided by
the DECELRATIO. XSTART is the distance stored away
in the distance table as PPS(PPI%).

| s

]
L
1
4
1
]
1o :The equations for velocity and distance given below are
) based on Successive integration of jerk to vield

' acceleration, velocity, and distance.

T

= -AD / JERK
T2 = T # T
15 T3 = T2 # T
VMAX = VSTART + AD # T + JERK * T2 / 2
X2 = XSTART + VSTART # T + AD * T2 / 2 + JERX * T3 / §

1
20 JERKDECEL = JERX * DECELRATIO ~ 2
T = T / DECZLRATIO
TI =T ~ 3
§STOP = X2 + VMAX * T + JERXDECEL * T3 / 6

25 END sSUB
1
SUB VEILCONTROL (VDIC M : RZ
DRIVELIM) statrc o e WM. DT T RES
10 :Thls 1s a simple DC direct drive model that includes
' torgue leL;ing (expressed in acceleration units)
; and generation of a drive limit signal.
'The drlvenb;oad_xs assumed to be a pure inertia and a
***Eroporulon-xnteg;al controller is used.
* See last portion of subroutine for model
35 ! description *%wxw*
'VDICT= VELOCITY DICTATION
"AM= MACHINE ACCELERATICN
'VM= MACHINE VSLOCITY
'XM= MACHINE POSITION
40 'INITIAL CONDITIONS ON INTERNAL STATE VARIABLE ESL=0
'DT= CYCLE TIME
'"T= ELAPSED TIME
‘TF= TIME CONSTANT OF LAG FILTER THAT PRECEZIDES VILOCITY
! CONTROL
45 :RESETFLAG% >= 1 CAUSES REINITIALIZATION

i

TFLAGS,

|¥wkkk INITIALIZE ON FLRST DPASS THROUGH *iwxs
IF RESETFLAGY >= 1 THEN

< GAIN = 10 'INTEGRAL GAIN -
RESPONSE = 1!  'DPROPORTIONAL GAIN/INTEGRAL GAIN
' ALIMPOS = 1400- ' POS TORQUE LIMIT IN ACCSLERA-
TION UNITS
ALIMNEG = 1400 ' NEG TORQUE LIMIT IN ACCELERA-

TION UNITS



Sonetines limters or filters (not illustrated)  are_used _between the VD
hSdtQEbﬁBeSnmdcetdhe el evat or notion system” ("EMB"). The EMS

|nc ref erence system which feeds back- the car position
("P proflle gener at or. - The fuhction of the
pr of i |sto bring the car to the target position within the

accel eration and jerk constraints. These constraints may be fixed or
they may be a function of avail able power, notor torque, etc. Just
before and soneti nmes even during a run, the constraints may be changed.
The profile generator is designed in & 3dfructured fashi on, t her eby
permtting adaptati on to changi ng circunstances, even Wnen arunis
under way. The it Feotd ExoING
the car to its dgstinati & M?%% m %srrum dﬁé})ﬁﬁﬁéﬁgw t hout _
vibrations or overshoot. pfherpyeLalds POs4 @gumgynmmt'rm
usual Iy better than plus-or-mnnus PRECEDES VELOCITY CONTROL

5 EGL =0

CFILT1 = EXP(-DT / TFILTER)
CFILT2 = 1 - CFILT1
GAINRESPONSE = GAIN * RESPONSE
GAINDT = GAIN * DT

10 RESETFLAGY =
AMOLD = 0
VMOLD = 0
ELSE

GOTO STARTINTEG
15 END IF
!

txk%** RUN THE INTEGRATION AFTER INITIALIZING ***%**
t
STARTINTEG:

20 VFIL = VFIL * CFILT1 + VDICT * CFILT2
El = VFIL - VM
EGl = EGl + E1 * GAINDT
EG2 = E1 * GAINRESPONSE + EG1
E2 = EG2 - VM

25 IF E2 <= LIMFRAC * ALIMPOS AND E2 >= -LIMFRAC * ALIMNEG
THEN DRIVELIM = 0 ELSE DRIVELIM = 1 .
IF E2 <= ALIMPOS AND E2 >= -ALIMNEG THEN AM = E2 ELSE IF
E2 > ALIMPOS THEN AM = ALIMPOS ELSE AM = —-ALIMNEG
UM = VM + (AM + AMOLD) * (DT / 2)

30 AMOLD = aM
M = XM + (VM + VMOLD) * (DT / 2)

VMOLD = VM
=T + DT
1
35 !'#%*%xkk DESCRIPTION OF MODEL #*%%*k%* )
'BLOCK DESCRIPTION INPUTS OUTPUTS
'"INPUT LAG FILTER;TFILTER=TIME CONSTANT VDICT VTIL
'SUMMING BLOCK VFIL,-VM El
' PROPORTIONAL CONTROLLER ;GAIN*RESPONSE E1 £G3
40 'INTEGRAL CONTROLLER ; GAIN*DT El Gl
'SUMMING BLOCK _ EGl,EG3 EG2
'SUMMING BLOCK EG2,VM  E2
'LIMITER ;ALIMPOS & ALIMNEG E2 AM
' INTEGRATOR ; TRAPEZOIDAL INTEG. AM VM
45 'INTEGRATOR ; TRAPEZIODAL INTEG. ™ 1

END SUB



-10- t hree mIIirreter'sT"(S mm), although plus-or-m nus six

m || i nEtiggheet pt abl e. The acceleration lint is
usual | y”im " avail able torque in the notor drive.- -Hgvvever in an

Tl

~ -

=32~

R o B -k = k- R

Although this invention has been shown and
descril_:ed with respect to detéiled, exemplary embodiments
thereof, it should be understood by those skilled in the
art that various changes in form, detail, methcdology
| and/or approach may be made without departing from the

spirit and scope of this invention.
Having thus described at least one exemplary
embodiment of the invention, that which is new and
10 desired to be securad by Letters Patent is claimed below.

(V)]



oversi zed sys'tem passenger confort nmay determ ne the accel eration
limt. : I n many systens the passenger confort accelera-  tijon
sets the acceleration wdh the motor torque limta- .= tion beétom ng a
probl emT “‘ fot Eab is enpty or fully | oaded. -Most . -

hi gh- per f r systens are equi pped with a | oad-wei ghi ng
system dge of elevator system paraneters and the - |oad
wei ght permts conputation of the maxi mum g | owed accel erati on based on
the nmotor torque limt. Those skill €t’1n the elevator art may
routinely make this cal cul ation, which is based on the mass of the

hoi st way equi pnent, the overbal ance u {y the counterweight, t he
| oad in the cab, and the avail abl e notor : Part of the

torque is used to offset unbal ance and friction forces. The other part
is used to acceler- age orp QRABIY BleCeidifa s isp@edndictation contiiie

protile constr uct}:g{_\ csgr{tzgoeﬂ%.n%f eit.gsatlzgg g:ne-lccity of an elevator car from
zero to a maximum vwvelocity and back to zero in an

elevator system based on a velocity profile, comprising:

5 using a wvelocity profile in which each

segment of the velocity profile is generatad at cne of

the limits which constrain the system; viz., at maxiaumr

jerk, maximum acceleration, maximum velaocity, maximum

position or loop gain, or maximum motor torque.

2. The elevator speed dictation cantrol method
of Claim 1, wherein thers is included the s
generating the accelaraticn portion of T2
velocity profile in an ogen locp manner, Zeginiing
oo
-

constant (maximum) jerk, <cransitioning

wn

. . 5 ~— a=i limic L
(maximum) acceleraticon aftar an accslexratilion L. S
i ; ; i ezl z 1s=ant
attained, and jerking out (nsgative jerk) at a cons
-t

; Pl wman maximed
rate to maximum (contract) vwelocity wien o2 @ <

velocity is nearly attained.

3. The elavator spead dictatica control metadc
of Claim 1 or 2, wherasin thers is included the step(s) OI:
storing the velocity data 1in a tabla as a2

function of distance gone during accal

1]
A
[
g
-
o]
73
o
b
)
(]
H
1
3
v 0

5 the table to be used in raverse to find

I



tion wi |l now be described first in terns of typical profil es produced
t he amemMe pb@@s of the i nvent i on. Fi gure 2 shows
the dlcta iﬁl veIOC|ty and accel eration. for an.exenplary | ong
run
Ie se S

ng this profile set is inportfant, because all other
are subsets of this one. As can be seen in Figure 2 various
reglons 2-7, defined and expl ai ned nore fully below, are marked.
The profiles for the first part of the run are devel oped on the basis of
di ctated accel erati on. Dictated vel oc+34~is obtained by the nunerical
integra- 35 tion of the dictated acceleration.(Henceforth, as a mat t er

of formand for sinplicity gurposes di ctated
4. he elevator speed dictation control method

of Claim 3, wherein there is included the step(s) of:
building the velocity table from accelera-
tion and jerk constraints so that the acceleraticn corre-
5 sponding to each velocity is known and storing the
acceleration information along with the velocity informa-
tion in tables having distance as the independent vari-
able.

5. The elevator speed dictation control methad
of Claim 3 or 4, wherein there is included the step(s) of:
making the table entries during each proces-
SOor cycle during acceleration.

6. The elevator speed dictaticn control methed
of any ore of claims 3 to 5, wherain thers is included the step(s) of:
using the acceleration <table in reverse
together with a numerical scaling to decelerate the
5 elevator.

7. The elevator speed dictation control methad
of any-one of claims 1 to 6, wherein thers is further included the step(s)
of:
cutputing the acceleration infecrmation by
5 the profile generator at all times, including accelera-
tion, constant speed, deceleration.

8. The elevator speed dictation control methed

of any one of claims 1 to 7, wherein there is included the step(s) of:
finding acceleration without any numerical
differentiation of velocitvy.

* [+ L M S *



velocity and acceleration typically will be referred to .
adj ect i\hgs She placefloi ng added. ) The actual position, velocity, _._
and acce ﬂlﬁ lmut puts fromthe EMS. . .lt.is noted that*®: .=

t he quan
greatly anpli -

w t hout the

sition - position = disfanée-gd-go_(“pFSTTG‘).- A
fied trace of "D STTG' 50 is shown in Figure 2.

The regions in Figure 2 are defined as foll ows

[¥1}

10

-3

9. The elevator speed dictation control method
of any one of claims 1 to 8, wherein there is included the step(s} of:
blending the acceleration signal with the
velocity signal and applying the combination as a
dictation to a drive for the elevator car, providing an
"acceleration feedforward" that reduces vealocity tracking
time, making the drive more responsive.

; 10. The elevator speed dictation control mezhod
OL any one of claims 1 to 9, wherin there is included the stan(s) of:

"

providing a proporticnal-integral controlls
used in the drive for the elevator car; and

compensating for load sensitivity by varving
the properticnal gain of the progor=icnal-incsgral

Feal - . o
controller as a function of load weight.

11. The elevator spead dictaticn control mezhcd
Of any one of claims 1 to 10, wherain chera is included the stap(s) of:
using an algorithm for cemguting stecging
distance, in which the stegping distance i
based on the DICTATED profile and conmg
distance to DISTTG (distance Lo go: DRIVEI CUT3LT COCRDEI-

fu

NATES) convertad to DICTATION coordinates.

12. The eleva-or spead dictation caontral mezihod
of Claim 11, wheraip there is includsd &he stan(s) c

measuring the distance tracking error by

4]
I
(4]
i
(r
Q
(21
.-4
3
o}
4]
92
b

numerically intsgrating the dictated vela
distance dictatad; and
accomplishing &the conversicon of DISTTG te
DICTATION coordinates by subtracting tracking distance
error from DISTTG in which the . -
DISTANCE GONE = LENGTH OF RUN - DISTTG, and
DISTANCE DICTATED - DISTANCE GONI = DISTANCE
TRACKING ERROR. '

* c L M S *



and illustrated in block forn1in Fi gure 3: Regi on

Def i MiptdlsLlt Has Been Replaced zero speed . _ 1 N | ow
| evel 2 constant  jerk to prescribed
accel - rmﬂ mum’mul eration 3 -

prescr I on 4 constant jerk down to
const ant vel ocity 5 . jerk
| evel after generation of SCC 6 constant speed

7 . phase pl ane Regi ons "0," ™38~ and "7" apply to runs of al

| engt hs. Regions O and 1 are not shown explicitly on the proflles '

I I"lustrated in Figures nmeani,n

expl ai ned when the has%?plane 8%°? FRegg. glc{ageng%ant‘°f method I'n
the profiles of 9% ) dwneg-saastueﬁe iseincluded the step(s) of:

issuing a stop control command (SCC) when
the followlng condition is true -
5 STOPPING DIST. = DISTTG ~ DIST. ERRCR -
(N * VEL * DELTAT)
wherein STOPPING DIST. is computed; DISTTG comes from a
position transducer; DIST. ERROR is also measuread; and N
accounts for a number of cycles of the order of about two
10 (2) of delay in the processor system, VEL is dictated
velocity and DELTAT is the processor cycle time.

14. The elevator speed dictation contrcl method
of any cne of claims 1 to 13, whersin there is included the step(s) of:

decelerating the elevator with lcok-ahead-

distance-tc—go (LADTG) as the independent variable; and

3 using a multiplier in the profile generator

a8s a scaling factor that acts on the LADTG to make it

equal to the distance range for the velocity and acceler-
ation tables.

15. The elevator speed dictation ccntrol method
of Claim 14, wherein there is included the step(s) of:
making the loock-ahead-distance~-to-go (LADTG)
adaptive and, as the end of a run is approached, using a
5 "washout" term for LADTG which is a function of DISTTG:
and
as DISTTG approaches zero, using a multioli-
er to act on the velocity dependent portion of LADTG to
make that term less and less significant.

* [+ L M S *



profile traces and the paraneters they represent are __tabul ated bel ow

Trace #y;s SRLUIEE&LA Replaced 10 vel ocity 20
vel oci t 30 accel eration .

40 i] EH"‘H@'JI H‘ ation 50 di stance to go
(greatl Figure 2 will now be di scussed on a
time-history basis. The el evator car is stopped. It then acceler-

ates at "constant jerk™ in Region 2 until the accelera- tion limt is
reached. The end of Region 3 Lg+defined when "VBASE" is 40
reached. "VBASE" can be the base velocity or speed of the notor or a,

| oner speed. "VBASE" is subject to sone
16. The elevator speed dictation control method

of Claim 15, wherein there is included the step(s) of:
reverting phase .plane control to pure
DISTTG, should the control overshoot and the DISTTG go
5 negative, and discontinuing use of LADTG as the indepen-
dent variabla.

17. The elevator speed dictation control method
of any one of claims 1 to 16, wherein there is included the step(s) of:
making the profile generator adaptive by
Presetting the acceleration and jerk limits based on the
5 load in the elevator cab by a computation based on load
weight made at the beginning of a run.

18. The elevator speed dictation control method
of any cne of claims 1 to 17, wherein there is included the step(s) of:
raducing acceleration at a speed close to
the base speed of the motor, keeping power recguirements
3 well bounded without significantly compromising flight
time, as a form of acceleration profile adartation based
on speed.

AN g



-12- variation, and, typically, it will be close to but a bit | ess

han thmsm&mems ea@qwkﬂthe motof T nvol VedT A A~ jerkTTTour s then def T ried
in Regl nun1speed i's reached in Region 6. Qperation
contlnu until the stop control conmand (SCO) fs received.
Regi on 7 |s en entered In that region the vel otity is Gommanded as
a function of di stance-to-go on the basis of a table of velocity versus
di stance built up

—38—
Abstract

ELEVATOR SPEED DICTATION SYSTEM
An elevator speed dictation system for control-
ling the elevator velocity from zeroc to a maximum
5 velocity and back to Zero, illustrated in functional
block form in Fig. 1. Velocity profiles over eight
regions (Regions 0-7) are provided for zero speed (0),
low level phase Plane (1), constant jerk to prescribed
acceleration (2), prescribed acceleration (3), constan:
10 jerk down to constant velocity (4), jerk level after
generation of Stop Control Command (SCC; 5), constant
speed (6), and phase plane (7), respectively. Velocity

profiles for Regions 0-7, including traces of velocity
(10), velocity dictated {20), acceleration (30), dictated
15 acceleration (40) and distance to go (50) versus time are
graphically illustrated in Fig. 2 & Figs. 4-6 for a long
elevator car run, Intermediate IT (transition to Region
5 occurs after SSC), Intermediate I (transition occurs
from Regions 3 to S), and a short elevator car run,
20 respectively; while Fig. 7 illustrate veleccitv and
acceleration curves used to find the stopping distance.
Fig. 3 provides a flow chart for the transitions between

the varicus regions (0-7) of the profiles.



for all travel in Regions 2-5. At the tinme the velocity table is being
built, an acceleration table is al so being built. -Both the velocity and
accel eration tables can be wei ghted, so that decel erati.on occurs in

di rect propor- tion to a set "DECELRATIO. " The "DECELRATIO' is usually
| ess than one (<1.0), but it may al so be |larger than one (>1.0).

The profile generator regions are illustrated in bl ock formin Figure 3.
The transitions from Regions 1 to 0O and O to 1 are used at the begi nning
of a run for hol ding the elevator at the floor when the brake is
lifted and the transition.ta_Region_2 iJs about _to _ . commence. Upon recei pt
of scc, it is possible to | eave Regi ons 2- 4 and enter Regi on 5.

Decel eration of the el evator occurs in Region 7 usi ng a phase- plane
control, The dictated velocity and acceleration used are retrieved from
tables built in Regi ons 2-5. When the el evator has al nost | anded or

AD

AlcE
PROFiLE Cevertarie. VD

O e
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f f

Thkgel
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during Thegovery froman overshoot, the | owlevel phase pl ane Region | is
ent ered epdicedohase pl ane has a linear slope (velocity/D STTGQ
inara ﬁﬁﬂm exanple, one to four (1-4 sec[err]) 1/second.
Act ual essthanfull-length runs is illustrated in

Fi gures 4 6. Fi gure 4 is terned "Intermediate I1" because the
transition to Region 5 occurs afte Figure 5is an "Internedi ate

" 35 profile because a transition océurs fromRegion 3 to Regi on 5.
This figure illustrates the typical operation
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-13- for a one-floor run. Figure 6 is a short run in which t he
accele&gg&g& ai 1t, Region 3, is not reached, and, thus, transition

occur s CEPPAYd Region 2 to Regi on 5. . Proper
operati4 H&E ,1 | e generator system requires careful attention to
I f

detail, snooth, error tolerant operation is desired.
These details are described bel ow - Major Qperations in
Profile Generation - The tigred portions of the profiles are

obt ai ned by successive nunerical iMegrations using the trapezoi- dal

algorithm This-has the .follaw ng general form _ _

3 cec
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X[err] + (T/2) (dX[err]/dt + dX[err]/dt) where -

X[errIs @q@ val ue of Xl err] (conmputed at tine
tlerr] ); and Tis the step size (cycle tine,
sanpll The maj or operations other than generation of
tlned proflle are listed here. Those occurring in Regi ons 2-6
are. 1. Build the linear portion of the phase- pl ane
t abl e. 2. Build the ase-plane table in regions 2-5.
2, 3, 4, 6).

3. Conpute the stopping distance (Regions

4. Determ.ne the.distance error and SCC. o The follow ng

Oper at i~gRp—prre T PReTRRTpr 3RS floning to_ and operating in,
I.IIIII.III*IIIIITIII

Regi on 7 (phase pl ane):

1
2
1
1

1.575E+8
Z.908E+8

5.961E+89

1.8976E+81

~1.092E+8

VEL
VEL
» XG0
TINE

1-D ACCEL: -4.659E+8
2-A ACCEL:

3D
4-A
5

FIGURE 4
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4. Transition to |owlevel phase pl ane at the end of the run

Det ai | s Toif Shepidia ! ﬁloperations are di scussed bel ow.

- Phase H TF | di ng - The phase plane table is built
dynami cal § croprocessor during the tinmed accel eration portion
of . the profile. As the acceleration and velocity dictation
are conputed each cycle, they are stored in a
i ndex and a correspondi ng distagre. The table is built to satisfy the
profile requi renents in the phase plane decel eration region. At

| ow speeds.where VD < LEVELVEL (elevatqr._approaches-the. - destination),.:-
the rel ati_nsiip Pt yeparhiqflyCid{-a—r—-yerepht-y—ar TIET O ITANEY- L 0- gO

signal s
tabl e together with the

is |inear - VD = K * *DI STTG

-1 .706E+82
1.982E+81
3.346E+01
6.895E+00
1.000E+00

VEL
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4 VEL
TINE

1-D ACCEL: -5.172R+01
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5-A XG0
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The correspondi ng dictated acceleration is cal cu- - | ated as -
AD = K * VD %%rkep%eds the position |loop gain (see Fig. 1) . For

st andarmis§hessiias K = LEVELGAI N For speeds
wher e VDA ?ﬁm e relationship between VD and DI STTG i s

nonl i nea ation, vel ocity, and position entries in the table

are obtai ned by successive integrations, and the table index is incre-

ment ed each cycl e. Taki ng e DECELRATI O factor into account,

t he equations used for table buildifng are: I f VD err]
LEVELVEL t hen - . INDEX = g — i T
VIBL(n) = VO err] XTBL(n) = VD[err] K
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Description N Ty mhdﬁf .

ELEVATOR SPEED DICTATION SYSTEM
_\W‘_—

Technicél Field

The present invention relates to elevator systems
and in particular to elevator velocity control.

Background Art

The need to control the velocity of an elevator
is well Xnown. Reference is had, for .example, to
assignee's U.S. Patent 4,751,984 of Walter L. Williams,
Donald G. McPherson & Arnold Mendelsohn entitled "Dynami~-
cally Generated Adaptive Elevator Velocity Profilen
issued June 21, 1988, as well as to the art .cited
therein.

As noted in the Williams et al. patent, automatic
elevator operation requires the control of elevator
velocity with respect to zero or stop, at the beginning
and the end of a trip, to speeds therebetween, which
minimize trip time while maintaining comfort levels and
other constraints. The time change in velocity for a
complete trip is termed a "velocity profile." Automatic
elevator control further requires control of the distance
travelled during a trip in order to accomplish a preci-
sion stop at the destination floor.

Certain velocity profile generation strategies
may lead to control instabilities. A common strategy is
to use a pPhase-plane control for precision stopping,
wherein dictated velocity is a function of the distance
to go to the landing. As the distance-to-go approaches
zero, the slope of the velocity/distance curve approache;
infinity (). Using linear control theory, it can be
shown that the slope of the pPhase-plane curve represents
the position error gain for phase-plane control and is

Proportional to position loop bandwidth. For the speed
This ig the replacement
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| NDEX i VTBL(n) = VDjerr]
ATBL( n) Eismriiﬁne{nﬂﬁk&a- 1) + AD[err] * DECELRATIQ-. .=  --

XTBL( n) ot -+ [err]T * [VIBL(n-1)
+ VD err] m, I,”"I : -~ - DECELRATI O

where - LEVELVEL = ADferr] * DECELRATIO [err] K

Tabl e buil ding continues until the acceleration reaches zero, or, in
other words, it is stopped for one -26f two reasons

(1) Region 7 (phase-plane) is entered w t hout goi ng through -
Regi on 6 (constant velocity); or (2) atransition is

made to Regi onc@ntrol loop to traskopipe rdfchatedh o lani OO et idreriwidhi on -
stability, its bandwidth must be greater by a significant
factor than the bandwidth of the position control loop.

One strateqgy for reducing the required bandwidth
is to limit the slope of the phase-plane velocity versus
position profile (position error gain) to a maximum
value, such that the position loop bandwidth is suffi-
ciently lower than the velocity loop bandwidth.

Generally, the torque producing capability of
elevator motors may vary with speed due to motor current,
voltage, and/or power limitations. If the drive is not
capable of maintaining the acceleration limit under all
conditions due to these torque limits, some means of
reducing the acceleration (and hence torque} in the
corresponding portions of the velocity profile must be
provided without compromising operation of the drive at
its limit or complicating the profile generation more
than necessary.

To avoid, inter alia, these problems, in Williams
et al. each segment of the velocity profile was generated
at one of the limits constraining the system; wviz., at
maximum jerk, maximum acceleration, maximum velocity,
maximum position or loop gain, or maximum motor torgue.
The acceleration portion of the velocity profile prefera-
bly was generated in an open loop manner, beginning with
constant (maximum) Jjerk, transitioning to constant
(maximum) acceleration after an acceleration limit is
attained, and Jerking out (negative jerk) at a constant
rate to maximum (contract) velccity when the maximum
velocity is nearly attained. However, althéugh Williams
et al. represented a very substantial advance in the art,
it also was subject to improvement, to which the present,
invention is directed. The disclosure of the Williams et

2l. patent is incorporated herein by reference.

This is the replacement sheet

Date:

[
*
3
\.:.J
Rt}
eonuerlie
e}
]



Besi des tabl e building, conputations preferably . are being made during

accelTak8hde Eo determ ne the st oppi ng di st ance: based: on the -

dlcta pd ng di stance is correct if:-no time delays exi st
inth Mg iﬁ control system The foll owi ng basic

equat i Fi gure 7 are used to conpute the stopping

di st ance mhen Regi on 6 (constant velocity) is not entered:

JD[err] = J[err] AD[er‘r3]":A[err] + Jlerr] *t

VD[err] = V[err] + Alerr]*t + *J[err] tlerr] XDferr] "=
X[err] + V[err] SRR digh 1/ 6*J[err]*t[err] where -
JD[err], AD e are the current dictated, jerk

acceleratlon veIocitynanﬂhﬁisnanoé;onesm&na\ﬁﬁqed cloae tpwmhﬁrbasg and
Jlerr], Alerr] g pded e 8Rd AbELE] 2LEeiBfatDbh Ahanlelbh K prSFEElIALP

veIOC|ty and dlstance respectively
used to keep power requlrements well bounded without

significantly compromising flight time. This is a form
of acceleration profile adaptation based on speed.

Another type of adaptation alsoc may be used. The
acceleration and jerk limits for the profile may be
adjusted in accordance with available torgque. The torque
requirements may be determined from the load weighing
signal, which gives the load in the cab. The accelera-
tion and jerk limits for the profile can then be adjusted
accordingly.

Thus, the profile generétor can be made adaptive
by presetting the acceleration and jerk limits based on
the load in the elevator cab. This can be done by a
simple computation based on the load weight made at the
beginning of a run. This could be done to permit the use
of a smaller than usual drive system, if so desired.

The dictation system of the present invention is
capable of generating for output high-quality velocity
and acceleration signals. It is advantageous because it
is highly structured in design, tolerant of significant
computational errors, and is easily modified to handle
unusual situations.

Therefore, it is an object of the present inven-
tion to produce a minimum-time velocity/acceleration
profile, subject to the following constraints:

B contract speed(s) (as in Williams et al.):

B ride comfort constraints; i.e., accelera-
tion and jerk limits (as in Williams et al.):

@ drive torque and power limits (following

to some degree Williams et al.); and .

R compatibility with the drive sysfem.

This is the replacement sheet
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35

If the SCC command is generated during the const ant

—_ -

In addition, like Williams et al., the velocity-
profile generation approach of the present invention
preferably:

B provides for precision stopping at the
destination floor and re-leveling:;

N complies with the code regquired door zone
and other terminal landing speed limits; and

N accommodates short runs where the contract
speed is not reached, as well as very short runs where
the "stop control command" (SCC) is reached before the
velocity "VBASE" (described more fully below) is reached.

According to the invention and as’ part of the
improvement to the approach of Williams et 21., each
segment of the velocity profile likewise is generated at
ocne of the limits which constrain the system; viz., at
maximum jerk, maximum acceleration, maximum velocity,
maximum positicon or loop gain, or maximum motor torque.
The acceleration portion of the velocity profile prefera-
bly is generated in an open loop manner, beginning with
constant (maximum) jerk, transitioning to constant
(maximum) acceleration after an acceleration limit is
attained, and jerking out (negative jerk) at a constant
rate to maximum (contract) velocity when the maximum
velocity is nearly attained.

The invention may be practiced in a wide variety
of elevator applications utilizing known technélogy, in
the light of the teachings of the invention, which are
discussed in detail hereafter.

Some of the technological advances achieved
and/or followed in the preferred embodiment of the
present invention are outlined below. _ o

1. The velocity is stored in a table as, a
function of distance gone during acceleration. This

table can be used in reverse to find dictation as ‘a

function of distance to go during deceleration. The new
profile generator explicitly builds the velocity table

3 1 0071998
Date: "?

don 6), then the stopping - distdnce.is determ ned
l E1stance stored in the table. CIhermnse “t he.
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given, after sone derivation, by: STOP. DI ST = XTBL(n) +
+ (VD[err[*ADferr]/J[err] + 1/3*AD[err]/J[err]) *(1[err] -

+ 1/ DECELRATI O The st oppi ng distance nust be ¢onpared hot to

t he actual distance-to-go but to that value corrected for del ays.
The follow ng equality defines the stop control command ( SCC) point,
when processor system del ays are negl ect ed. STOP. DI ST =
DI STTG - DI ST. ERR. where = =3= DI STTG = TARGET. PCS -
CURRENT. PCS DI ST.ERR - DI ST.DICT - DIST GONE

PDr'ST DI CT" 1 SEEORARTRL AL 1o0 (A1Fb AR RETERE2APETaL o8 BELES, sgee .

: acce DSt Db Tcar¥BEponfling XBleeredchr YoDbeity isVXmewhq] *

[err]T The nél: %ro%@.llesé@ﬁgﬂéé@l %Ltsag leeI:Q@iEHfﬂ{f@th@ion
along'w;thfveloc1ty information in tables having distance
as the independent variable. Table entries are made
during each processor cycle during acceleration. The
acceleration table is used in reverse together with a
numerical scaling to decelerate the elevator. Accelera-
tion information is output by the profile generator at
all times (acceleration, constant speed, deceleration).
No numerical differentiation of velocity is used to find
acceleration, except in special situations. This results
in a high-quality acceleration signal. Also, processor
time is saved.

2. The acceleration signal mentioned in "1%
above can be blended with the velocity signal and the
combination applied as dictation to a drive. This

provides an ‘“acceleration feedforward" that reduces
velocity tracking time and thus makes the drive more
responsive. The acceleration signal can alsoc be applied
in standard fashion to the torque input point of a drive
(1f available). A disadvantage of feedforward is that it
makes the drive system more load sensitive. Load
sensitivity can be compensated for, if a load weight
signal is available. This may be accomplished by varying
the proportional gain of the proportional-integral
controller used in the drive as a function of load
weight. ‘

3. The new profile generator has a simple
algorithm for computing stopping distance. The algorithm
can be used for runs of all lengths. The stopping
distance is computed based on the DICTATED profile. LW
_ 4. The stopping distance in "3" is compared to
DISTTG (distance to go; DRIVE OUTPUT COORDINATES)

35 converted to DICTATION coordinates. .The conversion is
accomplished by subtracting the tracking distance error

This is the replacement sheet
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processi ng delays in the position |oop becone 5|gn|? cant -and nust be

conpepsa ed The equallty given above for - ."STOP.DIST" is nodified as

i ndic ation in a real systen1i A
STOP. D DIST.ERR -n*VD* T The nunber h = 2 is
usuall nt for a delay of two processor cycles.

- Phase Plane Deceleration of Elevator - In the phase pl ane
region, a linear interpolation techg gque preferably is used to

cal cul ate the accel era-, tion and velocity signals fromthe previously

constructed tabl es. The di stance-to-go to the target landing is used 35
to index the @RhePHrSTTG. In the new profile generator the distance
error is not entered in terms of drive tracking delay and
velocity. Instead, the actual, MEASURED, distance
tracking error is used. The measurement is accomplished
by using numerical integration of dictated velocity to
find distance dictated. The
DISTANCE GONE = LENGTH OF RUN ~ DISTTG, and
DISTANCE DICTATED - DISTANCE GONE = DISTANCE
TRACKING ERROR.
The stop control command (SCC) is issued when the
following condition is true:
STOPPING DIST. 2 DISTTG - DIST. ERRCR -
(2 * VEL * DELTAT)
STOPPING DIST. is computed; DISTTG (distance to go) comes
from a position transducer; DIST. ERROR is also measured;
and the last term accounts for two cycles of delay in the
processor system. VEL is dictated velocity and DELTAT is
the processor cycle time (10-40 ms is typical).

5. The stop control command as defined in "4"
usually cannot be issued perfectly. The distance range
applicable to the velocity and acceleration tables will
not match the distance to go. This problem becomes
especially severe when the elevator is to be decelerated
with look-ahead-distance-to-go (LADTG) rather than DISTTG
as the independent variable. The problem is solved in
the new profile generator by the introduction of a
MULTIPLIER. This multiplier is a scaling facter that
acts on the LADTG to make it equal to the distance range
for the velocity and acceleration tables. Usually the
MULTIPLIER is a number very close to one (1.0) for long
runs. It may deviate significantly from cne (1.0) for
very short runs because of numerical errors. The
MULTIPLIER assures that numerical errors, timing delays,
etc., will not cause bizarre phase plane trajectories.

35 The phase plane-control in the profile generator of the

This is the replacement sheet
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-17- Tabl e building and deternination-of SCC-have been

descyj Pﬁg to this point. The matter of transitioning to- Regi'ori 7-(phdse
pIane? Replaagldr essed. At the transition to Region 7, 1 he
dICtaiHﬁ y are i nherently matched (AD = 0). Di st ances,
howev mat ched, especi al - |y since a coordinate
transformation is |ntroduced. D stance control is shifted from

di stance-to-go to Look- Ahead- Di st ance~%e- Go (LADTG . The LADTG used here
is a variant of a simlar quantity described in the :

invention is self-correcting and robust because of the
MULTIPLIER. '

6. The look—ahead—distance—to—go (LADTG) is made
adaptive in the new profile generator. It is not used
for runs of less than 1000 mm (pure DISTTG is used).
Further, as the end of a run is approached, LADTG has a
"washout" term which is a function of DISTTG. As DISTTG
approaches zero, a multiplier acts on the velocity
dependent porticon of LADTG to make that term less and
less significant. Should the control overshoot and the
DISTTG go negative, phase plane control reverts to pure
DISTTG, rather than LADTG as the independent variable.

7. The profile design is modular, structured,
and deterministic. Acceleration, jerk, and distance con-
straints permitting, it is capable of being altered.after
a run has begun. The modular design makes design
modifications relatively easy. Maintenance of the code
and teaching of the design to new engineers 1is not
complicated.

8. The profile generator can be made adaptive by
pPresetting the acceleration and jerk limits based on the
load in the elevator cab. This is done by a simple
computation based on load weight made at the beginning of
a run. This could be done to permit use of a smaller
than usual drive system. Working of examples indicates
that significant cost savings are possible with little
degradation in overall service (traffic flow).

Other features and advantages will be apparent
from the specification and claims and from the accompany-
ing drawings, which illustrate two exemplary embodiments
cf the invention.

Brief Degscription of Drawings
Figqure 1 is a simplified, block diagram of an
exemplary embodiment of the elevator séeed dictation
35 system of the present invention.

This is the replacement sheet
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Wllianms, et al. Patent 4,751,984, referred to .above... 3 .
def i nedhisShwviias BeaaReplackdr t he proper operation 6f the phases

control, the target landing is approached. TH&S

used to linto DISTTG at the target |anding. The VOf

Tlerr] termis i1dentical to that of Wllians, et al. The MU

I's used to assure that LADTG matches the | ast di stance entry storé

t he phase pl ane tabl es. . tADTG = (DI STTG - COVPENSATI O
MULTI PLI ER where - COVPENSATION = VDjerr] * Ti:
* RATI O

,g&grr] -_aggroxinates the position | oop del ay and:
is a constant, which FSI8FRuZ i ATRRR pRcthe velocitynpReelif cPAt ed -
vel ocity decr etisesihvenefon fokARRGeaemplachesdrite mal uef odn DeSdF&toFhe

ate ol oh caL e CUBENRRTLON AR 'SR LP SRR e B |
destinati on flppesent invention. (It is noted that the numerical
information on the lower, right side of the figure refers
to the data values of the traces at the vertical cursor
line located to the left side of the graphed, displayed
traces; the same being true of Figs. 3-6.)

Figqure 3 is a flow chart showing the transitions
between the regions of the'velocity profile of Figure 2,
as well as of the velocity profiles of Figures 4-6, with
Regions 0 (zero speed) and 1 (low level phase plane) not
being illustrated for simplicity purposes in the velocity
profiles. |

Figure 4 is a graph of the velocity profile of
the invention for an exemplary "Intermediate II" profile
of the elevator car, in which the Intermediate II profile
illustrates the situation wherein a transition to Region
S occurs after a Stop Control Command (SCC).

Figure 5 is a graph of the velocity profile cf
the invention for an exemplary "Intermediate I" profile
of the elevator car, in which the Intermediate I profile
illustrates the situation wherein there is a transition
from Region 3 to Region 5.

Figure 6 is a graph of the velocity profile of
the invention for an exemplary short run of the elevator
car.

Figure 7 is a comparative graph of exemplary
velocity and acceleration curves used in the invention to
find the stopping distance.

Best Modes for Carrying Out the Invention .o
As noted in Williams et al., in order to provide

rapid, controlled and smooth motion .cantrol in an
elevator, a velocity profile is generated which observes

35 constraints regarding jerk, acceleration and equipment
This is the replacement sheet
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t he val ue .of RATI O nust be gradually reduced ("washed- out™) fron1one to
zero (1 to 0). Consequently, RATIO is defined -as .fol lows:; - -~-- =

I f DI STTG > WDI ST then RATIO = 1, el Se RATIO = DISTTC;[err]

VDI ST, where "wash-out distance” (WD ST) is: 35 - - W\DI ST

= LEVELVEL [err] LEVELGAI N

-G

limitations. Typical, exemplary requirements for a high
performance system are:

RISE - up to 400 M
LOADS - 900 TO 3600 XG
SPEEDS - 2.5 to 10 M/S
ACCEL. - up to 1.5 M/S
JERK - up to 3.0 M/S
LEVELING - +0.006 M

An exemplary function block diagram of the
invention is shown in Figure 1. The profile generator
(PROFILE GEN.) delivers a velocity signal "vVD" and an
acceleration signal "AD" to an elevator control system.
The gain "KA" is used to control the blend of the
acceleration signal to the velocity signal in a feed-for-
ward control. Altérnatively, the acceleration signal
may be routed directly to the motor torque control point
in the motor drive.

Sometimes limiters or filters (not illustrated)
are used between the VD and AD signals and the elevator
motion system ("EMS"). The EMS includes a position
reference system, which feeds back the car position
("POSITION") to the profile generator.

The function of the profile generator is to bring
the car to the target position within the acceleration
and jerk constraints. These constraints may be fixed or
they may be a function of available power, motor torque,
etc. Just before and sometimes even during. a run, the
constraints may be changed. The profile generator is
designed in a structured fashion, thereby permitting
adaptation to changing circumstances, even when a run is
under way.

The overall position control system should bring,
the car to its destination in a minimum amount of time,
without vibrations or overshoot. The overall positioning

35 accuracy sought is usually better than plus-or-minus

This is the replacement sheet
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A linear definition is given here for RATIO. =~ However, a nonlinear..

definition may be nore useful in some cireunstances._ - This is
illustrated in the pro- granmed si nul ati on di scussed bel ow.

The MULTIPLIER is cal culated only once, as the profile enters the phase
pl ane decel eration region. It then remains constant until the end of the
run. MULTI PLI ER = XTBL(M [err] DI STTGT where -
XTBL(M - is the last distance stored30r the tabl e, and

DI STTGT - is the actual distance-to-go at the transition point. .

At th ran I on h | an LAD h th

ast phase pEaRES iy ineBets” R “BlEheidn plafig mifud TR 1NE

mllllmeters (t6 mm) is acceptable.

The acceleration limit is usually set Dby the

available torgque in the motor drive. However, in an
oversized system, passenger comfort may determine the
acceleration limit. : .

In many systems the passenger comfort accelera-
tion sets the acceleration with the motor torque limita-
tion becoming a problem, only when the cab is empty or
fully loaded. Most high-performance elevator systems are
equipped with a locad-weighing system.

Knowledge of elevator system parameters and the
load weight permits computation of the maximum allowed
acceleration based on the motor torque limit. Those
skilled in the elevator art may routinely make .this
calculation, which is based on the mass of the hoistway
equipment, the overbalance used for the counterweight,
the load in the cab, and the available motor torque.

Part of the torque is used to offset unbalance
and friction forces. The other part is used to acceler-
ate or decelerate the system mass.

The profile construction strategy of the inven-
tion will now be described first in terms of typical
orofiles produced by the exemplary apparatus of the
invention.

Figqure 2 shows the dictated and actual velocity
and acceleration for an exemplary: long run. Under-
standing this profile set is important because all other
srofile sets are subsets of this one. As can be seen in
Figure 2 various regions 2-7, defined and explained more
fully below, are marked.

The profiles for the first part of the run are
jeveloped on the basis of dictated acceleration.
Dictated velocity is obtained by theQnumerical integra-

35 tion of the dictated acceleration%:ggﬂenceforth, as a
matter of form and for simplici iD rposes, dictated
» ; This is the replacement sheet




Subsguently conputed LADTGs are then scaled by, _the value of the

MULTEPLI ER, as shown above. For best deceleratizon control, ™
MULTEPLI ER val ues close to unity or one (1.0) are desirablé. -

The @i ctated acceleration AD and velocity VD are calculated fromthe
phasg¢ plane table using a |inear i nterpol ati on technique. LADTGis used
as ap i ndexing ref erence. AD = (A - (X - LADTG [err]
(X -EX)] * (A=-13)) * MIULTIPLI ER

VWD =fV - ((X - LADTG [err] (X - XI)] * (V- V) where - )

A = ATBL(n), V=VTBL&n), X = XTBL(n) _ Al = ATBL(n-1), V1 =
VTBL{n-1), andvVelocity and accejeratipp typiyally will beareSerzed &9tries

in the phase ta&tﬁo&te'ﬁhab%ﬁdecti@%ﬁd"&Pct@tééﬂeéﬁﬁEEESSdEEéU? trapectory
I s used based Qn LADTG, .ILf an gvenshoot gccurs sim,lar confrol 1s used
tual pasition, velocity, and acceleration are outputs
from the EMS.
It is noted that the quantity target position -
position = distance-to-go ("DISTTG"). A greatly ampli-
fied trace of "DISTTG" 50 is shown in Figure 2.
The regions in Figure 2 are defined as follows

and illustrated in block form in Figure 3:

Region Definition

0 Zero speed

1 low level phase plane

2 constant jerk to prescribed accel-
eration

3 prescribed acceleration

4 constant jerk down to c¢onstant
velocity

5 jerk level after generation of SCC

6 constant speed

7 phase plane

Regions "0," "1," and "7" apply to runs of all lengths.
Regions 0 and 1 are not shown explicitly on the profiles
1llustrated in Figures 2, etc., and the meaning of Region

1 is explained when the phase-plane Region 7 is ex-
plained.

In the profiles of Figure 2 and Figures 4-6, the
profile traces and the parameters they represent are
tabulated below:

Trace % Parameter

Ry velocity

20 velocity dictation

30 acceleration

40 dictated acceleration

50 distance to go (greatly magnified)

Figqure 2 will now be discussed on a time-history
basis. The elevator car is stopped. It then acceler-
ates at "constant jerk" in Region 2 until the accelera-
tion limit is reached.

The end of Region 3 is defined when "wyppaggr is

40 reached. "VBASE" can be the base velocity or speed of
the motor or a lower speed. "VBASE" is subject to some

g This is the replacement sheet
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35 nd DI-STTG-i s used rather than LADTG ° The equatt-ans.c~ ==~z _s= e~
appl jcabl e after |eaving the phase plane table but before:the target

| andjng are:

VD = LADTG * K

-]2-

variation, and, typically, it will be close to but a bit
less than the base speed of the motor involved. 2 "jerk
out" is then defined in Region 4 until maximum speed is
reached in Region 6. Operation continues in Region 6,
until the stop control command (8CC) is received.

Region 7 is then entered. In that region the
velocity is commanded as a function of distance-to-go on
the basis of a table of velocity versus distance built up
for all travel in Regions 2~5. At the time the velocity
table is being built, an acceleration table is also being
built. Both the velocity and acceleration tables can be
weighted, so that deceleration occurs in direct propor-
tion to a set "DECELRATIO." The "DECELRATIO" is usually
less than one (<1.0), but it may also be larger than cne
(>1.0).

The profile generator regions are illustrafed in
block form in Figure 3. The transitions from Regions 1
to 0 and 0 to 1 are used at the beginning of a run for
holding the elevator at the floor when the brake is
lifted and the transition to Region 2 is about to
commence. Upon receipt of SCC, it is possible to leave
Regions 2-4 and enter Region 5. .

Deceleration of the elevaﬁar occufs in Region 7
using a phase-plane control. The dictated velocity and
acceleration used are retrieved from tables built in
Regions 2-5. When the elevator has almost landed or
during recovery from an overshoot, the low-level phase
plane Region 1 is entered. The low-level-phase plane
has a linear slope (velocity/DISTTG) in a range of, for
example, one to four (1-4 sec’') 1/second.

Actual operation for less than full-length runs
is illustrated in Figures 4-6. Figure 4 is termed
"Intermediate II" because the transition to Region 5
occurs after SccC. Figure. 5 1is an "Intermediate I"
profile because a transition occurs from Region 3 to
Region 5. This figure illustrates the typical operation

e This is the replacement sheet
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AD % VD * K * MIULTIPLIER where K = the: pesttion I-bopg gain."- .
If t@e target landing is overshot, then Region 1 (low|evel phase plane) is
entefed to bring the car back to the |Ianding. However, the acceleration

signgl, if used for feed-forward control, is nodified after the zero
cros@ing. "AD' should either be set to zero or conputed by the nunerica
(ting) differentiation of VD _13_AD: [VD(n) - VD(n-1)] [err] T
wherg T = cycle time of processor. - Profile Sinulation
- : An exenpl ary sinulation for the profile generat- ing system

witden in BASEér (M eheseibcs rMi CkBAguUPed 60'ls d SHYESepagdiRekRYen I N
t he program gragphics rgutlges Uied,MAth the sinul,ation are ugngcessgry f or
t hi sjdi scl osur E*AnBCRavBTHELERr erBvéd REFLPM doseS Ji°t reached, and,

thus, transition occurs directly from Region 2 to
Region 5.

Proper operation of the profile generator system
requires careful attention to detail, especially if
smooth, error tolerant operation is desired. These
details are described below.

- Major Operations in Profile Generation -

GATMACALOMI B A e ki e s

The timed portions of the profiles are obtained
by successive numerical integrations using the trapezoi-
dal algorithm. This has the following general form:

X, = X, + (T/2)(dX /dt + dX_ _,/dt)
where -
X,., is the previous value of X, .
] (computed at time t,, = t, - T); and .
T is the step size (cycle time, sampling
rate).
The major operations other than generation of a
timed profile are listed here. Those occurring in

Regions 2-6 are:

1. Build the linear portion of the phase-—
plane table.

2. Build the phase-plane table in regions

3. Compute the stopping distance (Regions
2, 3, 4, 6).
4. Determine the distance error and SCC.
The following operations are important in transi-
tioning to, and operating in, Region 7 (phase plane):
1. Determine the "MULTIPLIER'" for coordi-
nate transformation. '

2. Compute the Look-Ahead-Distance-To-¢o'
("LADTG") from DISTTG.
35 3. Interpolate the velocity and accelera-

tion tables.

This is the replacement sheet
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sinplicity. The BASIC used here is structured and reads very much like

ordipary English or math statenents (i.e., / = divide; *

multiply; [err]

= exponent; etc.). "Quick BASIC'.allows sinple calls to subroutines. Al so,
program control nmay be shifted by a "GO TO' to a naned | abel. As can
be seen, the first part of the program consists of declarative statenents
and comments. Next, paraneters for the profile are set and prelimnary
conput ati ons are made. This type of opeggti on can take place adaptively in

a real elevator control to adjust for changing conditions.
are initialized and flags are set. Simlar operations occur

Vari abl es
in the contro

code used to run an el evatér. Transitibe dbosllanctelrel thasy @ldme ise

ent er ed. the end of the run.

Details of the foregoing operations are discussed

below.

-~ Phase Plane Table Building -

The phase plane table is built dynamically in a
microprocessor during the timed acceleration portion of
the profile. As the acceleration and velocity dictation
signals are computed each cycle, they are stored in a
table together with the index and a corresponding
distance. The table is built to satisfy the profile
requirements in the pﬁase plane deceleration region. At
low speeds where VD < LEVELVEL (elevator approaches the
destination), the relationship between the dictated

velocity and the distance-to-go is linear -
VD = K * DISTTG

The corresponding dictated acceleration is calcu-

lated as -
AD = K * VYD

where K is the position loop gain (see Fig.

standard profiles -
K = LEVELGAIN

1) . For

For speeds where VD > LEVELVEL, the relationship
between VD and DISTTG is nonlinear. The acceleration,
velocity, and position entries in the table are cbtained
by successive integrations, and the table index is incre-

mented each cycle.

Taking the DECELRATIO factor into account, the

equations used for table building are:
If VD, < LEVELVEL

then -
INDEX = n
VTBL(n) = VD,
XTBL(n) = VD, 6 + K
35 ATBL(n) = VD, * K

This is the replacement sheel
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The bl ock of code called "READ PHASE PLANE TABLE" S
bypassed, and control shifts to a point |abeled -~ "TIMED PROFILE. "

Profile generation takes places on a regi on by region basi-s as
descri bed previously. "VD' and "AD' are found by nunerical integration

Bui I di ng of the phase-pl ane tabl es takes place next. There are then
-]l5-

- 20-

However -
if VDn > LEVELVEL

then -
INDEX =n
VIBL(n) = VD,
ATBL(n) = % +* (ATBL(n-1) + AD, * DECELRATIO]
XTBL(n) = XTBL(n-1) +
+ ¥T * [VIBL(n-1) + vD,] +
DECELRATIO
where -

LEVELVEL = AD, * DECELRATIO + K
Table building continues until the acceleration
reaches zero, or, in other words, it is stopped for one
of two reasons:
' (1) Region 7 (phase-plane) is entered
wlthout going through Region & (constant velocity)} or
(2) a transition is made to Region s.
~ Btopping Distance and SCC Determination -
Besides table building, computations preferably
are being made during acceleration to determine the
s?opping distance based on the dictation. This stopping
distance is correct if no time delays exist i; the
velocity control system. . -
The following basic equations applied to Figqure
7 are used to compute the stopping distance when Region
6 (constant velocity) is not entered:
JD, = J
AD, = A, + J *t
VD, = Vg + Ag*t + yaJ et?
Xo + Vo*t + yxagxe? & 1/64T %t}

a

XD, =

n
where -

. JD,, AD,, VD, and XD are the current dictated,
jerk, acceleration, velocity and distance, respectively
at tim = ;

s F e t tq), and J,, A, Vg and X, are the initial
Jerk, acceleration, velocity and distance, respectively.
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operations to.find the dictated distance, "D ST.DICT," by  nunerical

-

integration and the distance error, "DIST.ERR-"":- - " Next,:the
stopping distance is found by a call to t he subroutine caILed "STOPD. "
Then a check is nade if SCC% = 1, neaning a stopping sequence shoul d be
initi- ated. The "SCC' determnation is based on "Dl STTG " as

conputed below, "DIST.ERR " and the dig¢tated velocity "VvD. "

Control then shifts to the |abel "VEL ROL: ". The subroutine .
"VELCONTROL" is called to simul ate in sinplified formthe operation of

the EMS of Figure 1 (i\ ﬁc pgtgaed& rm%hl,&‘e

subr outi ne prOV|des an up e ac?ual OCIty an el er a-
tion. | nportapenstant ‘mmu@\s mvetiqm SReagENE E()a.ctt'tlmn the gsEepmiong

travel ed by thgjgtgyad onks Eéegfﬁgl, gv L{e the c@k@gﬁg &St ed.

The simulation continues wth atlrre- profi l elng generated
until SCC% = 1Stoned in 5'5\‘9, ﬁable. Otherw:.se the stopplng distance is

given, after some derivation, by:
STOP.DIST = XTBL(n) +
+ (VD *AD/J, + 1/3%AD /3% * (1 +
+ 1/DECELRATIO)

The stopping distance must be compared not to the
actual distance-to-go but to that value corrected for
delays. The following equality defines the stop control
command (SCC) point, when processor system delays are
neglected.

STOP.DIST = DISTTG - DIST.ERR.

where -

DISTTG = TARGET.POS -~ CURRENT.POS
DIST.ERR = DIST.DICT - DIST.GONE
DIST.GONE = CURRENT.POS -~ STARTING.POS

The dictated distance "DIST.DICT" is computed by
integrating the dictated velocity, "VD,":

DIST.DICT = XD, = XD, + [VD, + VD_,] * T

In a real system implementation, the information
processing delays in the position loop become significant
and must be compensated. The equality given above for
"STOP.DIST" is modified as indicated for implementation
in a real system:

STOP.DIST 2 DISTTG - DIST.ERR - n * VD * 7

The number n = 2 is usually used to account for
a delay of two processor cycles.

~ Phase Plane Deceleration of Elevator -

In the phase plane region, a linear interpolation
technique preferably is used to calculate the accelera-
tion and velocity signals from the previously constructed
tables. The distance-to-go to the target landing is used

35 to index the tables.
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sequence then comences. For other than a iong run, this ... includes

further operation with a timed profile, until a -- condi tion :of” zero
accel eration is reached. This is anal ogous”t o operati on i.n Region 5,
which is coment ed as "SCC ACTI VE". When AD =.0, control
shifts to the | abel near the begi nning of the programentitled

" PP. PRCFI LE" - READ PHASE PLANE TABLKR.s. The di stance range for the
tables is, first matched to the "LADTG' (found by a call to a

subroutine). The match is nmade using the paraneter 35 called " MULTI PLI ER. "
The "MILTIPLI ER' is cuapleetudbiiing amdcietthimitgataoninf sdexhavieebdeng of

the velocity a@gscribed to this point. The matter of transitioning to
Region 7 (phase plane) will now be addressed. At the
transition to Region 7, the dictated wvelocities are
inherently matched (AD = 0).

Distances, however, may not be matched, especial-
ly since a coordinate transformation is introduced.
Distance control is shifted from distance-to-go to
Lock-Ahead-Distance~To-Go (LADTG). The LADTG used here
is a variant of a similar quantity described in the
Williams, et _al. Patent 4,751,984, referred to above.

LADTG as defined below is used for the proper
operation of the phase plane control, especially as the
target landing is approached. The RATIO is used to blend
LADTG into DISTTG at the target landing. The VD,., * T,
term is identical to that of Williams, et al. The
MULTIPLIER is used to assure that LADTG matches the last
distance entry stored in the phase plane tables.

LADTG = (DISTTG ~ COMPENSATION) * MULTIPLIER
where -

COMPENSATION = VD, * T, * RATIO

T, —~ approximates the position loop delay

and is a constant, which is adjustable in the EMS.

As the dictated velocity decreases +to zero,
LADTG approaches the value of DISTTG. The rate at which
the COMPENSATION term is reduced to zero is further
controlled by the RATIO factor.

As the elevator approaches the destination floor,
the value of RATIO must be gradually reduced ("washed—
out") from one to zero (1L to 0). Consequently, RATIO is
defined as follows:

If DISTTG > WDIST .
then RATIO = 1, else RATIO = DISTTG + WDIST,
where "wash-out distance" (WDIST) is:

35 WDIST = LEVELVEL <+ LEVELGAIN
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-21- accel eration tables occurs, using an interpolation algorithm

The phase plane changes to a straight line definition when thé table index
N% = 1 (table exhausted). A region called "LOAEV. PROFI LE* is then defined.
The sinmulation differs fromthe actual profile generator in that Region 1
here applies only to the end of the run and that the same phase-pl ane sl ope
is used for table continuation and for_ggcovery from overshoots.

A linear definition is given here for RATIO.
However, a nonlinear definition may be more useful in
some circumstances. This is illustrated in the pro-
grammed simulation discussed below.

The MULTIPLIER is calculated only once, as the
profile enters the phase plane deceleration region. It
then remains constant until the end of the run.

MULTIPLIER = XTBL(M)} =+ DISTTGT.
where - B
XTBL(M) - is the last distance stored in the
table, and
DISTTGT - is the actual distance-to-go at
the transition point.

At the transition to the phase plane, LADTGT is

forced to match the last phase plane entry:
LADTGT = XTBL(M)

Subsequently computed LADTGs are then scaled by
the value of the MULTIPLIER, as shown above.

For best deceleration control, MULTIPLIER values
close to unity or one (1.0) are desirable.

The dictated acceleration AD and velocity VD are
calculated from the phase plane table using a linear
interpolation technique. LADTG is used as an indexing

reference.
AD = {A - [(X - LADTG) + (X - X1)]
* (A - Al)) * MULTIPLIER
VD = V - [(X - LADTG) + (X - X1)] * (V - V1)
where -

A = ATBL(n), V = VTBL(n), X = XTBL(n)
Al = ATBL(n-1), V1 = VIBL(n-1), and
X1 = XTBL(n-1)

After the entries in the phase table are almost,
used up, a linear phase plane trajectory is used based on '
IADTG. If an overshoot occurs, similar contreol is used

35 and DISTTG is used rather than LADTG. The equations

This is the replacement sheet
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-22- - EXEMPLARY BASI C PROGRAM - DECLARE SUB
LADI STANCE (LADBTG MULTI PLI ER, RDI STANCE, . . ..- di-stance, -VD-- DI STTG
DELTIATC, LONEV% ’ . ..

-19-~

applicable after leaving the phase plane table but before
the target landing are:

VD = LADTG * X

AD = - VD * K *# MULTIPLIER

where K = the position loop gain.

If the target landing is overshot, then Region 1
(low-level phase plane) is entered to bring the car back
to the landing. However, the acceleraticn signal, if
used for feed-forward control, is modified after the zero
crossing. "AD'" should either be set to zero or computed
by the numerical (time) differentiation of VD:

AD = [VD(n) - VD(n-1)] + T
where T = cycle time of processor.

- Profile Simulation - _
An exemplary simulation for the profile generat-
ing system written in BASIC (Microsoft's "QuickBASIC
4.0") is presented below. In the program graphics

routines used with the simulation are unnecessary for
this disclosure and have been removed for purposes of
simplicity. The BASIC used here is structured and reads
very much like ordinary English or math statements (i.e.,
/ = divide; * = multiply; ~ = exponent; etc.). "Quick
BASIC" allows simple calls to subroutines. Alsc, progranm
control may be shifted by a "GO TO" to a named label.

As can be seen, the first part of the program
consists of declarative statements and comments. Next,
parameters for the profile are set and preliminary
computations are made. This type of operation can take
place adaptively in a real elevator control to adjust for
changing conditions.

Variables are initialized and flags. are sat.,
Similar operations occur in the control code used to run
an elevator.

The distance for the profile is entered.

Thmistherepbcementsheet
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DECL SUB VELCONTROL (VDICT!, AM, VM, XM, DT!, T!,

. RESfFFLAG% DRI VELI M DECLARE SUB STOPO (XSTART VSTART, AD, XSTOP,
VVAX, DECELRATI O, JERK) TI TLE:  NEWEL
COPYH GHT: OTI' S ELEVATOR COVPANY . 'DATE WRITTEN: 2/15/88
LANGJAGE: QUICK BASIC 4.0 PURPCSE: S| MULATE NEW MCSS NORMAL PROFI LE
GENERATOR [err]***** ARRAYS FOR PHASE PLANE TABLE I N MAI N MODULE

DI M HPV(600), PPS(600), PPA(600) [erp]***** ARRAYS FOR GRAPH NG

SUBRQUTI NE GRAFI DI M PARR(4, 600), 38YT4), SF(4), GAIN(4)

The block of code called "READ PHASE PLANE TABLE"
is bypassed, and control shifts to a point labeled
"TIMED.PROFILE." Profile generation takes places on a
region by region basis as described previously. "VD" and
"AD" are found by numerical integration. Building of the
phase~plane tables takes place next. . There are then
operations to find the dictated distance, "DIST.DICT," by
numerical integration and the distance error, "DIST.ERR."

Next, the stopping distance is found by a call to
the subroutine called "STOPD." Then a check is made if
SCC%¥ = 1, meaning a stopping sequence should be initi-
ated. The "SCC" determination is based on "DISTTG," as
computed below, "“DIST.ERR," and the dictated velocity
"yp.u

Control then shifts to the label “VELCONTROL:"
The subroutine "VELCONTROL" is called to simulate in
simplified form the operation of the EMS of Figure 1 (a
model of a DC drive may be used). This subroutine

provides an update to the actual velocity and accelera-
tion. Importantly, it provides the "DIST.GONE" (actual
distance traveled by the elevator). From "DIST.GONE" the
"DISTTG" is computed.

( The simulation continues with a timed-based
profile being generated until SCC% = 1. The stopping
sequence then commences. For other than a long run, this
includes further operation with a timed profile, until a
condition of zero acceleration is reached. This is
analogous to operation in Region 5, which is commented
as "SCC ACTIVE".

When AD = 0, control shifts to the label near the
beginning of the program entitled "PP.PROFILE" - READ
PHASE PLANE TABLE." The distance range for the tables is,
first matched to the "LADTG" (found by a call to a

subroutine). The match is made . using ﬁhe'parameter
35 called "MULTIPLIER." The “MULTIPLIER"-is computed only
once during a run. Next; reading of the velocity and

- ' This is the replacement sheet
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*k k%

( MON
[err
ACCH
DURI
ACCE
CONT!

I'N
FOR

GAIvL DELTAT = .04: DELTATC = .

f | NI T SCREEN, SET SCREEN TYPE TO 2 (CGA), 9 (EGA), OR 10

) . CLS: SCREEN O, 0, 0: COLOR 7,-0, 0: KEY OFF: SCRN = 9

** SET PARAMVETERS FOR PROFI LE AND COMPUTE RELATED VALUES _ °

[ LIMT = 1200 ' ACCELERATION LIM T JERKLIMT = 2400 ~'JERK LIMT

NG ACCELERATI ON DECELRATI O = 1! ' RATI O OF DECELERATI ON TO

| ERA- [err] TI ON VELLIM T = 6000 ' MAX' SPEED,

RACT VELOCI TY,  ETC. LEVELGAI N = '}’c ' LEVELI NG GAI N ( PCSI TI ON LOOP
YCLE TIME AND TI ME DELAY

LOCI TY CONTROL STOPTOLV = 40. STOPTOLS = 6: ' THESE DEFI NE CONDI Tl ON

BRAKE DRBeleration tables occurs, using an interpolation
algorithm.
The phase plane changes to a straight line
definition when the table index N% = 1 (table exhausted).
A region called "LOWLEV.PROFILE"™ is then defined. The
simulation differs from the actual profile generator in
that Region 1 here applies only to the end of the run and
that the same phase-plane slope is used for table
continuation and for recovery from overshoots.
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VELLIMT1 = 1.01 * VELLIMT " USED FOR SPEED CHECK VBASE = 4800

' VEL@I TY AT WH CH ACCELERATI ON | S REDUCED [err] . AT. JERKBASE
RATE VBASE<VELLIM T TO BE EFFECTI VE DELTAACCELS =
JERKLIM T * DELTAT / 2 [err] ACCEL. | NCRE. FOR _

TESTI NG ACCEL. REDUCTI ON
[err]***** | NI TI ALI ZE VARI ABLES AND SET FLAGS REG ON% = 2 [err] START
RUN IN REG ON 2 50 RESETFLAG® =1 [erL 2CAUSE VELCONTROL SUBRQUTI NE TO

| NI TI AL- | ZE ON FI RST PASS TST 999 FLAG AND REG STER FO?
STOPPI NG, TI ME W TH N STOPTOLS AND STOPTOLV

— EXZEMPLARY BASIC PROGRAM -

DECLARE SUB LADISTANCE (LADTG, MULTIPLIER, RDISTANCE,

distance, VD, DISTTG, DELTATC, LOWLEV%)
DECLARE SUB VELCONTROL (VDICT!, AM!, VM!, XM!, DT!, T!,

RESETFLAG%, DRIVELIM)
DECLARE SUB STOPD (XSTART, VSTART, AD, XSTOP, VMAX,
DECELRATIO, JERK)

TITLE: NEWVEL
COPYRIGHT: OTIS ELEVATOR COMPANY
DATE WRITTEN: 2/15/88

LANGUAGE: QUICK BASIC 4.0
PURPOSE: SIMULATE NEW MCSS NORMAL PROFILE GENERATOR

*#%%%% ARRAYS FOR PHASE PLANE TABLE IN MAIN MODULE

DIM PPV(600), PPS(600), PPA(600)
1]

'kk%k%% ARRAYS FOR GRAPHING SUBROUTINE GRAF1

DIM PARR(4, 600), SF1(4), SF(4), GAIN(4)

"#%%%%* INIT SCREEN, SET SCREEN TYPE TO 2 (CGA), 9 (EGA),
' OR 10 (MONO)

CLS : SCREEN 0, 0, 0: COLOR 7, 0O, O: KEY OFF: SCRN = 9
t

'#% SET PARAMETERS FOR PROFILE AND COMPUTE RELATED VALUES

3 !
4

ACCELLIMIT = 1200 'ACCELERATION LIMIT

] JERKLIMIT = 2400 'JERK LIMIT DURING ACCELERATION
?ECELRATIO = 1! ‘RATIO OF DECELERATION TO ACCELERA-
TION
J VELLIMIT = 6000 'MAX SPEED, CONTRACT VELOCITY, ETC.
LEVELGAIN = 3! 'LEVELING GAIN (POSITION LOOP GAIN)
?ELTAT = .04: DELTATC = .1l: 'CYCLE TIME AND TIME DELAY

IN VELOCITY CONTROL

STOPTOLV = 40: STOPTOLS = 6: !'THESE DEFINE CONDITION FOR
' BRAKE DROP
VELLIMIT1 = 1.01 * VELLIMIT 'USED FOR SPEED CHECK
VBASE = 4800 'VELOCITY AT WHICH ACCELERATION IS REDUCED
' AT JERKBASE RATE
VBASE<VELLIMIT TO BE EFFECTIVE
DELTAACCELS = JERKLIMIT * DELTAT / 2 'ACCEL. INCRE. FOR
' TESTING ACCEL.
! REDUCTION ]

"*%%*%%* INITIALIZE VARIABLES AND SET FLAGS"

REGION% = 2 ' START RUN IN REGION 2 ' '
50 RESETFLAGY = 1 ' CAUSE VELCONTROL SUBROUTINE TO INITIAL-

IZE ON FIRST PASS

TSTOP = 999 ' FLAG AND REGISTER FOR STOPPING. TIME

' WITHIN STOPTOLS AND STOPTOLV
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-23- VD =0: AD O I NI TI AL DI CTATED VELOCI TY AND ACCELERA- [err]

TI ON BUI LD. TABLE% = 1 TABLE |'S BU LT WHEN RUN..STARTS-UNTI L.- - [err]
AD = 0 5 READ. TABLE% = O ' TABLE | S READ DURI NG PHASE PLANE . [err]
DECELERATICN TO LANDI NG SCC% = 0 ' STOP .CONTROL COMVAND = 1
STARTS .

-23-

VD = 0: AD =0 ' INITIAL DICTATED VELOCITY AND ACCELERA-
t .

TION
BUILD.TABLE% = 1 ' TABLE IS BUILT WHEN RUN STARTS UNTIL
! AD = 0
5 READ.TABLE% = 0 ! TABLE IS READ DURING PHASE PLANE
' DECELERATION TO LANDING
SCC% =0 ' STOP CONTRCL COMMAND = 1 STARTS
]

STOPPING SEQUENCE

: DIST.GONE = Q ' START AT ZERQ POSITION

! CLOCK = @ ! START AT ZERO TIME

: PPI% = 0 ' INITIAL INDEX FOR TABLE

i PPV(PPI%) = O: PPS(PPI%) = O: PPA(PPI%) = 0 ' INITIAL
! VALUES OF
' TABLE
MATCHFLAGY = 1 'FLAG TO COMPUTE MULTIPLIER ON FIRST PASS
! READING TABLE
MULTIPLIER = 1 ‘'USED FOR PERFECT MATCH OF VELOCITY TABLE
! TO CURRENT VELOCITY
LOWLEVY = 0 'LOWLEVEL PHASE PLANE WHEN LOWLEV%=l,
! NO LOWLEVEL OTHERWISE
LLTIME% = 0 'FLAG TO CAPTURE START OF LOW LEVEL

OPERATION

VELMAXFLAG< = 0 'FLAG TO CONTRQL PROFILE WHERE VELMAX(SUB

STOPD) DETERMINES SCC
dlstx = Q

1

‘BRAKE LIFTED AT START OF RUN; BRAKE DROPPED AT T=FLTTIME

'*%k%% PARAMETERS REQUIRED FOR GRAF1 SUBROUTINE

1

SP = 1: FOR I = 0 TO 3: GAIN(I) = 1: NEXT I: GAIN(4) =
100

XSCALE = 1: XSTART = 0

FOR I = 0 TO, 4: PARR(I, 0) = 0: NEXT I

' (

'SCREEN PRINT OF PARAMETERS AND INPUT OF RUN DISTANCE

t
!

LOCATE 10, 1: INPUT YDISTANCE FOR RUN {mm) (3658 mm
default)= "; distance

IF distance = 0 THEN distance = 3658

DISTTG = distance

RUN.DISTANCE = distance

LOCATE 12, 1: PRINT "DISTANCE FOR RUN = " distance

GOTO TIMED.PROFILE

taddkd GOTO TIMED PROFTILE %% % d % % % J % & % % % % % & % % ¥ % % % & % % & % % % de.
?

50 PP.PROFILE:
thkkk* READ PHASE PLANE TABLE %k %k kkkikdddksdkkddkhhknkihr

IF READ.TABLE% = 0 THEN
GOTC TIMED.PROFILE
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STOPPI NG SEQUENCE  DIST.GONE = 0 ' START AT ZERO POSI TI'ON ™ “'CLOCK =70
STARY AT ZEROTIME  PPI%= 0 [err] INITIAL | NDEX FOR TABLE
PPV(PPI %) = 0: PPS(PPI% = 0: PPA(PPI% = 0 [err]{NITIAL . -

VALUES OF o "TABLE

MATCHFLAG» = 1 ' FLAG TO COMPUTE MULTI PLI ER ON FIRST PASS READI NG TABLE
MULTEPLI ER = 1 ' USED FOR PERFECT MATCH OF VELOCI TY TABLE TO CURRENT

VELOPI TY  LOWEV% = 0 ' LOMEVEL PHASE PLANE WHEN LOW.EVo&1,

NO LOWEVEL OTHERWSE  LLTIME% = O FLAG TO CAPTURE START OF LOW
LEVE OPERATION  VELMAXFLAGY% = 0 ' FLAG TO CONTROL PROFI LE WHERE
VELMAX(SUB  BISERFDEORRMMES $Cpypy distx =077 = ° 7

GOTO LOWLEV.PROFILE
END IF
1

5 ' READ VELOCITY AND ACCELERATION FROM PHASE PLANE TABLE

]
BUILD.TABLEY = 0
17 ' GO COMPUTE LADTG
]
CALL LADISTANCE (LADTG, MULTIPLIER, RDISTANCE, distance,
3 VD, DISTTG, DELTATC, LOWLEVSY)
]

'MATCH OF TABLE TO LADTG
!
IF MATCHFLAG% >= 1 THEN
MULTIPLIER = PPS(PPI%) / LADTG
MATCHFLAGY = 0
LADTG = PPS(PPI%)
END IF

'
t

DO UNTIL PPS(PPI% - 1) <= LADTG
PPI% = PPI% - 1
IF PPI% <= 1 THEN
LOWLEVY = 1
GOTQO LOWLEV.PROFILE
END IF
LOOP
]

SRATIO = (PPS(PPI%) - LADTG) / (PPS(PPI%) - PPS(PPI% -
1))

! VD = (PPV(PPI%) - (PPV(PPI%) - PPV(PPI% - 1)) * SRATIO)
{ AD = -(DPA(PPI%) ~ (PPA(PPI%) - PPA(PPI% - 1)) * SRATIO)
* MULTIPLIER

GOTO VELCONTROL

thkke® GOTO VELCONTROL STMULATTION # # o d 5 d % % & d % % % % % % % % * % *
1

LOWLEV.PROFILE:

Th%*%*x CONTINUE PHASE PLANE AT END OF RUN **&kdkkkikdkhkk
!

CALL LADISTANCE(LADTG, MULTIPLIER, RDISTANCE, distance,
VD, DISTTG, DELTATC, LOWLEV%)

!

VD
AD
1

LADTG * LEVELGAIN
-VD *# LEVELGAIN * MULTIPLIER

i ou

50 GOTO VELCONTROL
Lkkdd® GOTO VELCONTROL SIMULATTION * f s % & & & & % & o ok e Je &k % o d & de & %
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=FLTTI ME ok kK
PA| TERS REQUI RED FOR GRAFI SUBROUTI NE SP = 1: FOR,l =0 TO 3:

IN[I) = 1: NEXT |I: GAIN(4) = 100 XSCALE = 1: XSTART =.0 FOR | =
0 TQ 4: PARR(l, 0) = 0: NEXT | ' SCREEN PRI NT OF PARAMETERS AND | NPUT
OF RUN DI STANCE LOCATE 10, 1: INPUT "DI STANCE FOR RUN (mm (3658 mm
default)= "; distance | F di stance = 0 THEN di stance = 3658 - DI STTG =
di st ance RUN. DI STANCE = di st ance -25-

.

‘B E LI FTED AT START OF RUN; BRAKE DROPPED AT T

TIMED.PROFILE: :
'*%%%% GENERATE TIMED PROFILE DURING AD AND ik
'*%%%* WHILE RUNNING AT CONTRACT (CONSTANT) SPEED **k&&x%
[}

5 ON REGION%¥ GOTO REGION2, REGION2, REGION3, REGION4,
REGIONS, REGIONG
!

3 REGION2: 'START HERE --- JERK IS CONSTANT
t

JERK = JERKLIMIT

1

a t*%*%% VERY LOW SPEED PROFILE SETS VELMAXFLAGS *k ki kik
: T*%kk** (VELMAX COMES FROM STOPPING DISTANCE SUB-
| ' ~ROUTINE) #k4ik*
[ ]
IF VELMAX >= VELLIMIT - AD * DELTAT THEN
VELMAXFLAGY = 1
REGIONS = 4
GOTO REGIONA4
END IF
]

IF AD >= ACCELLIMIT THEN
REGION% = 3
GOTO REGION3

ELSEIF SCC% = 1 THEN
REGION% = 5
GOTO REGIONS

END IF

GOTO START.INTEG

I

REGION3: 'CONSTANT ACCELERATION
t

JERK = 0
AD = ACCELLIMIT
|

IF VELMAX >= VELLIMIT -~ AD * DELTAT THEN
VELMAXFLAGY = 1
REGION% = 4
GOTO REGION4

END IF

!

IF VD >= VBASE THEN
REGIONS = 4
GOTO REGION4
ELSEIF SCC% = 1 THEN
REGION% = 5
GOTO REGIONS ' ’ C
END IF '
50 GOTO START.INTEG
]

?EGION4: '"HIGH SPEED ACCELERATION REDUCTION

*k%k %% COMPUTE JERK DYNAMICALLY % s d o oo ok e ok ok s ke e o o o e e o e
This is the replacemant sheet
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LOCATE 12, 1: PRINT "DI STANCE FOR RUN = ", distance. . GOTO

TIMED. PROFILE - [err]***** GOTO TIMED PROFILE =~ . =~ ",
kkhkkkhkkhkkhhkhkkhkkhhkhkkhhkkhkhkhkkhkkhkkhkkhkkhkkhkk*k 50 PP. PRC]:' LE ~ - *****_READ Pl_lASE PLANE
TABLE ***** %3 addadsassasssss | F READ. TABLE% =0 THEN GOTO

TI MED. PROFI LE

et

50

-26=

JERK = -AD ~ 2 / (2 * (VELLIMIT - VD))
DELTAACCEL = -JERK * DELTAT / 2
1

IF VD >= VELLIMIT1 OR AD <= DELTAACCEL THEN
REGION% = 6
BUILD.TABLE% = 0
DIST.ERRMAX = DIST.ERR
GOTO REGIONé

ELSEIF SCC% = 1 THEN
REGION% = §

GOTC REGIONS

END IF

GOTO START.INTEG

1

REGIONS5: 'SCC ACTIVE
1

JERK = -JERKLIMIT

1

IF AD < DELTAACCELS THEN
JERK = 0
AD = 0
READ.TABLE3 = 1
BUILD.TABLE% = 0
END IF

GOTO START.INTEG

1

REGIONG: 'RUN AT CONTRACT SPEED
?

JERK

AD =

VD = VELLIMIT

IF SCC3 = 1 THEN
READ.TABLE% = 1
GOTO PP.PRCFILE

END IF

L ]

0

ol

START.INTEG:
'*%%%% FIND DICTATED AD AND VD FROM JERK %% %% %% d &k k% J k¥ 5k

LOCATE 17, 1: PRINT "REGION = ", REGION%, SCC%,
DIST.GONE

¥

PREVA = AD

AD = AD + JERK * DELTAT

IF AD > ACCELLIMIT THEN AD = ACCELLIMIT
IF AD < 0 AND READ.TABLE% = 0 THEN AD = O
VD = VD + ((AD + PREVA) / 2) * DELTAT

1]

'*%%%% BUILD PHASE PLANE TABLE DURING ACCELERATION *#k&%x
1
IF BUILD.TABLE% = 1 THEN

PPI% = PPI% + 1

PPV(PPI%) = VD

ELSEIF READ.TABLE% = 1 THEN This is the replacement sheet

-
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I ot

0

USRI PN I

ELSEI F LONLEV% = 1 THEN GOTO LONLEV. PRCFI LE END | F
READ VELCCI TY AND ACCELERATI ON FROM PHASE PLANE TABLE BUL LD. TABLE%
GO COVWPUTE LADTG :

50

-27-

GOTO PP.PROFILE
ELSE

GOTO STOPDIST
END IF
t

T+%%% BUILD TABLE ON STRAIGHT LINE TRAJECTORY -

' - TEST FOR LOW SPEED PROFILE **kkkkkkkkkhdkkdkkdkhdkdkhkhk
1

LEVELVEL = (DECELRATIO * (AD + J * DELTAT)) / LEVELGAIN
RDISTANCE = LEVELVEL / LEVELGAIN' DISTANCE FOR WASHOUT
RATIO IN LADTG

IF PPV(PPI%) < LEVELVEL AND SCC% = 0 AND VELMAXFLAG% = O
THEN

PPS(PPI%) = PPV(PPI%X) / LEVELGAIN
PPA(PPI%) = PPV(PPI%) * LEVELGAIN
ELSE
PPS(PPI%) = PPS(PPI% - 1) + (PPV(PPI%) + PPV(PPI% -

1)) * DELTAT / (2 * DECELRATIO)
PPA(PPI%) = (AD * DECELRATIO + PPA(PPI% - 1)) / 2
END IF

L}

DIST.DICT = DIST.DICT + (PPV(PPI%) + PPV(PPI% --1)) *

DELTAT / 2

DIST.ERR = DIST.DICT - DIST.GONE

1

STOPDIST:
'#%%%%* FIND STOPPING DISTANCE TO DETERMINE SCC * %k kkkkk*

IF SCC% <> 0 THEN GOTO VELCONTROL
!

! COMPUTE STOPPING DISTANCE

IF REGION% = 6 THEN
STOPDIST PPS (PPI%)
DIST.ERR DIST.ERRMAX

ELSE
CALL STOPD(PPS(PPI%), VD, AD, STOPDIST, VELMAX,
DECELRATIO, ~-JERKLIMIT)
END IF
' CHECK FOR STOP CONTROL POINT

IF STOPDIST >= DISTTG - DIST.ERR - 2 * DELTAT * VD THEN

SCC% = 1
ELSE
SCc% =0
END IF
1 . 1
VELCONTROL:

' **kk* SIMULATE VELOCITY CONTROL SYSTEM %%k d k %k k ke ko

1

' SIMULATE VELOCITY CONTROL (DC-DBSS)

This is the replacement sheet

Date: 4§ 00T 1008



CALL LADI STANCE(LADTG MULTI PLI ER, RDI STANCE, di stance, VD, DI STTG

DELTATC, LOW.EV% ' MATCH OF TABLE TO LADTG  [err] . I|F MATCHFLAGY >=
1 THEN MULTI PLI ER = PPS(PPI% / LADTG - - NMATCHFLAGY% =
0 LADTG = PPS(PPI % END IF -~ BO UNTI L PPS( PPl %
- 1) <= LADTG PPl %= PPI%- 1 |F PPl % <= 1 THEN LONEV% =
1 GOTO LOW.EV. PROFILE '

-28-

CALL VELCONTROL(VD, AM, VACTUAL, DIST.GONE, DELTAT,
CLOCK, RESETFLAG%, DRIVELIM)

DISTTG = distance - DIST.GONE.

1

= LOCATE 20, 1: PRINT USING "ELAPSED TIME = ##.##"; CLOCK
'

Ik%%%% PREPARE FOR GRAPHING OUTPUT **kkkkkhkhkhkdkkhkkhkkhs
'FILL PLOT ARRAY
t

PARR(0, SP) = AD

PARR(1, SP) = AM

PARR(2, SP) = VD

PARR(3, SP) = VACTUAL

PARR(4, SP) = DISTTG

1

1]

LOCATE 18, S: PRINT "DISTTG, DIST.ERR = ", INT(DISTTG),

INT (DIST.ERR)
t

'SET SCALE FACTORS FOR PLOT

1

FOR I = 0 TO 4

IF ABS{PARR(I, SP)) > SF1(I) THEN
SF1(I) = ABS(PARR(I, SP))

END IF

NEXT I

SP = SP + 1

1

'EQUALIZE SCALE FACTORS
)

SF1(0) ELSE SF1(0)

IF SF1(0) > SF1(1) THEN SF1(1)
SF1(1)

IF SF1(2) > SF1(3) THEN SF1(3) = SF1(2) ELSE SF1(2)
SF1(3)

P*#%%%% PROCESS SIMULATION CONTINUATION AND TERMINATION *=
1
IF VACTUAL <= STOPTOLV AND DISTTG <= STOPTOLS AND TSTOP
= 999 THEN
TSTOP = CLOCK + 1
FLTTIME = CLOCK
ELSEIF DISTTG <= =76 THEN
GOTO FINISH
FLTTIME = 0
END IF
J

IF CLOCK < TSTOP THEN
IF BUILD.TABLE% = 1 AND READ.TABLEX = 0 THEN
50 GOTO TIMED.PROFILE
ELSEIF BUILD.TABLE% = 0 AND READ.TABLE% = O THEN
GOTQ TIMED.PROFILE
ELSE

GOTC PP. -
P.PROFILE This is the replacement shee;
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END I F LOOP SRATI O = (PPS(PPI% - LADTG / (PPS(PPI% - PPS(PPI %

- 1)) VD = (PPV(PPI % - (PPV(PPI%" - PPV(PPI%- 1)) * SRATIO)
AD = - (PPA(PPI% - (PPA(PPI% - PPA(PPI%- 1)) * -SRATIO . * MULTIPLIER
GOTO VELCONTROL [err]***GOTO VELCONTROL SI'MULATION @~
*****************'****** . LO/\LEV PRO:I LE : : k% % CO\ITI NUE Pl_iASE
PLANE AT END OF RUN * % % %% % % 5 & % o & s & ko % 4 . CALL -LADI STANCE( LADTG
MULTI PLI ER, RDI STANCE, di stance, —ao-
’ END IF

END IF

1

FINISH:

Tkkkk%* STOP SIMULATING AND START GRAPHING %k ko ks
1
IF LOWLEV$ = 1 AND LLTIME% = O THEN
LOCATE 22, 1, ©
PRINT USING "LOW LEV AT #4.#4"; CLOCK
LLTIMEY =
END IF
t

st BRIk i e

PR TEIOY

. LOCATE 21, l: PRINT USING “FLIGHT TIME = ##%.#7'"; FLTTIME
] IOCATE 24, 1, 1: PRINT "PRESS ANY KEY FOR PLOT...";

3 BEGIN: X$ = INKEY$: IF X$ = "W THEN GOTO BEGIN

t

; Thkkkxd CALL THE GRAPHING SUBROUTINE kkkkkkkkkkkkkkrrkrrnk
i t

'CALL GRAF1(PARR(), GAIN(), SF(), SF1(), XSCALE, XSTART,
SCRN, SP, DELTAT)

END

1

SUB LADISTANCE (LADTG, MULTIPLIER, RDISTANCE, distance,
VD, DISTTG, DELTATC, LOWLEVY)
!

LOCATE 16, 5: PRINT "multiplier= "; MULTIPLIER
'kkkk%x DESCRIPTION *%k%*

' LOOK AHEAD DISTANCE TO GO COMPENSATES FOR SOME CONTROL
! SYSTEM DELAYS

' IT IS DISABLED FOR THE CONDITIONS INDICATED BELOW

! THE MULTIPLIER IS REQUIRED FOR MATCHING OF DISTANCES
! PRIOCR TO READING OF THE PHASE PLANE TABLE
1
t

IF dlstance > 1000 AND VD > 0 AND LOWLEV%
IF DISTTG < RDISTANCE THEN
RATIO = ABS(DISTTG / RDISTANCE) ~ .25

0 THEN

ELSE
RATIO = 1
END IF
VELDEL = VD * DELTATC * RATIO
ELSE
VELDEL = 0

END IF
1]

LADTG = (DISTTG =~ VELDEL) * MULTIPLIER
'
' o

END SUB
50 !

SUB STOPD (XSTART, VSTART, AD, XSTOP, VMAX, DECELRATIO,
JERK)

'COMPUTATIONS RELATED TO STOPPING DISTANCE SEQMENT
!

i _ : This is the replacement sheet
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VD, DI STTG DELTATC, LOALEVY VD = LADTG * LEVELGAI N AD = -VD *
LEVELGAI N * MULTIPLIER 50 GOTO VELCONTROL *xx**0TO VELCONTROL
SI MULATI ON : . ‘

kkhkhkkhkkhkhkkhhkhkkhhkhhkhkkhhkhhkhkhhkhkkhhkhhkhkhhkhhkhkk hkhkhkkhhkhkhhkhkhkhkkihkhkkhhkhhkhkhhkhkhkki*hkhHThkk*k*x

-30-

'The computation is performed in two parts: 1) From
VSTART (jerkout point) to the velocity peak VMAX.
2) From VMAX back to a speed equal to VSTART.
It can be shown that the time in the second region
is equal to the time in the first region divided by
the DECELRATIO. XSTART is the distance stored away
in the distance table as PPS(PPI%).

i

t

§

t

!

t

t

'The equations for velocity and distance given below are

! based on successive integration of jerk to yield

! acceleration, velocity, and distance.

t

T = -AD / JERK

T2 T * T

T3 T2 * T

VMAX = VSTART + AD * T + JERK * T2 / 2

X2 = XSTART + VSTART * T + AD * T2 / 2 + JERK * T3 / 6
L

t

JERKDECEL = JERK * DECELRATIO ~ 2

T = T / DECELRATIO

T3 =T ~ 3

XSTOP = X2 + VMAX * T + JERKDECEL * T3 / 6
t

END SUB
!

; SUB VELCONTROL (VDICT, AM, VM, XM, DT, T, RESETFLAGY,
; DRIVELIM) STATIC
'This is a simple DC direct drive mocdel that includes
! torque limiting (expressed in acceleration units)
! and generation of a drive limit signal.
'The driven load is assumed to be a pure inertia and a
! proportion-integral controller is used.
**x*k¥** see last portion of subroutine for model
1 ! description *%*xx*
' 'VDICT= VELOCITY DICTATION
‘AM= MACHINE ACCELERATION
" 'VM= MACHINE VELOCITY
'XM= MACHINE POSITION
'INITIAL CONDITIONS ON INTERNAL STATE VARIABLE EG1=0
'DT= CYCLE TIME .
'T= ELAPSED TIME :
'TF= TIME CONSTANT OF LAG FILTER THAT PRECEDES VELOCITY
! CONTROL
'RESETFLAG% >= 1 CAUSES REINITIALIZATION
!
'*k%k% INITIALIZE ON FIRST PASS THROUGH ***kx
IF RESETFLAGY% >= 1 THEN

GAIN = 10 ' INTEGRAL GAIN
50 RESPONSE = 1! ' PROPORTICNAL GAIN/INTEGRAL GAIN
ALIMPOS = 1400 ' POS TORQUE LIMIT IN ACCELERA-
' TION UNITS
ALIMNEG = 1400 ' NEG TORQUE LIMIT IN ACCELERA-
! - TION UNITS

This is the replacement sheet
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-25-7- -TI MED. PROFI LE: PxExEkx GENERATE-- T MED PROFILE DURI NG AD AND

R b R R 'rxxxx \WH LE RUNNIENG AT CONTRACT ((CONSTANT) SPEED
KKKk ek kK 5 ON REG ON% GOTO REG ON2, REG ON2, " REG ON3,” 'REG ON4,
REG ON5, REG ON6 REG ON2: ' START HERE---- JERK |'S CONSTANT
JERK = JERKLIM T '*x%x \VERY LOW SPEED PROFI LE SETS VELNAXFLAC%&******
'rxxxkx (VELMAX COMES FROM STOPPI NG DI STANCE SUB-
._31_
LIMFRAC = .8 'FPRACTION OF DRIVE LIMITS CAUSING
' DRIVE LIMIT SIGNAL
TFILTER = .05 'TIME CONSTANT OF LAG FILTER THAT
! PRECEDES VELOCITY CONTROL
EGL = 0
CFILT1 = EXP(-DT / TFILTER)

CFILT2 = 1 - CFILT1
GAINRESPONSE = GAIN * RESPONSE
GAINDT = GAIN * DT

RESETFLAGSY =
, AMOLD = 0
! VMOLD = 0
‘ ELSE
GOTO STARTINTEG

END IF
?

tk*%%* RUN THE INTEGRATION AFTER INITIALIZING #%#%%

1

STARTINTEG:

VFIL = VFIL * CFILT1 + VDICT * CFILT2

El = VFIL - VM

EGl1 = EGl + E1 * GAINDT

EG2 = E1 * GAINRESPONSE + EG1

E2 = EG2 ~ VM

IF E2 <= LIMFRAC * ALIMPOS AND E2 >= -LIMFRAC * ALIMNEG
THEN DRIVELIM = 0 ELSE DRIVELIM = 1

IF E2 <= ALIMPOS AND E2 >= -ALIMNEG THEN AM = E2 ELSE IF
E2 > ALIMPOS THEN AM = ALIMPOS ELSE AM = -ALIMNEG

VM = VM + (AM + AMOLD) * (DT / 2)

AMOLD = AM

XM = XM + (VM + VMOLD) * (DT / 2)

VMOLD = VM

T = T + DT

; .

T %%%%% DESCRIPTION OF MODEL #¥%#%%% , .
'BLOCK DESCRIPTION INPUTS OUTPUTS
'INPUT LAG FILTER;TFILTER=TIME CONSTANT VDICT  VFIL
'SUMMING BLOCK VFIL,-VM EL

' PROPORTIONAL CONTROLLER ;GAIN*RESPONSE E1 EG3
'INTEGRAL CONTROLLER ; GAIN*DT El EGL
'SUMMING BLOCK EG1,EG3 EG2
'SUMMING BLOCK EG2,VM E2
'LIMITER ;ALIMPOS & ALIMNEG E2 AM
'INTEGRATOR ; TRAPEZOIDAL INTEG. AM v
'INTEGRATOR ; TRAPEZIODAL INTEG. VM XM
)

END SUB

This is the replacement sheet

i Date: 4 1 O°T 8%



- | NE) *****x | F VELMAX >= VELLIMT - AD * DELTAT THEN

VEL F'tlﬁ@'iEetHgs Been Replaced REG ON% = 4 GOTO REGONM. - END IF
REGON% =3~ "~ GOTO REG ON3
ELS F S REG ON% = 5 GOTO REG ON5, END | F
STA G ON3: " CONSTANT ACCELERATI ON
-32-
- K - K - k- ok

Although this invention has been shown and
described with respect to detailed, exemplary embodiments
thereof, it should be understood by those skilled in the
art that various changes in form, detail, methodology
and/or approach may be made without departing from the
spirit and scope of this invention.

Having thus described at least one exemplary
embodiment of the invention, that which is new and
desired to be secured by Letters Patent is claimed below.

This is the replacement sheet

Date: 7 1007 1998




AD = ACCELLIMT IF VELMAX >= VELLIMT - AD * DELTAT THEN
GQOTO REG OM.. -END | F

G ON% = _ .
&ﬂiﬁﬂmﬂﬂ Ml s ave- « " erorcaow " asar

...33...
Claims

1. A method of elevator speed dictation control
for controlling elevator velocity of an elevator car from
.ero to a maximum velocity and back to zero in an
:levator system based on a velocity profile, comprising:

using a velocity profile in which each
iegment of the velocity profile is generated at one of
:he limits which constrain the system; viz., at maxinum
jerk, maximum acceleration, maximum velocity, maximum
)osition or loop gain, or maximum motor torque.

2. The elevator speed dictation control method

>f Claim 1, wherein there is included the step(s) of:
generating the acceleraticn pertion of the
selocity profile in an open loop manner, beginning with
constant (maximum) Jjerk, transitioning to constant
(maximum) acceleration after an acceleration limit is
attained, and jerking out (negative jerk) at a constant
rate to maximum (contract) velocity when +the maximum

velocity is nearly attained.

3. The elevator speed dictation control method

of Claim 1 or 2, wherein there is included the step(s) of:
storing the velocity data in a table as a
function of distance gone during acceleration, allowing
the table to be used in reverse to f£ind dictation as a

function of distance to go during deceleration.

This Sheet Has Been Replaced
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REG ON\4: ' H'GH SPEED ACCELERATI ON REDUCTI ON Prxxxx COVPUTE JERK

a7 L

—-34-

4. The elevator speed dictation contreol method
of Claim 3, wherein there is included the step(s) of:
building the velocity table from accelera-
:ion and jerk constraints so that the acceleration corre-
'ponding to each velocity is known and storing the
«cceleration information along with the velocity informa-
:ion in tables having distance as the independent vari-
tble.

5. The elevator speed dictation control method
)f Claim 3 or 4, wherein there is included the step(s) of:
making the table entries during each proces-

30r cycle during acceleration.

6. The elevator speed dictation controcl method
f any one of claims 3 to S, wherein there is included the step(s) of:

. using the acceleration table in reverse
together with a numerical scaling to decelerate the

alevator.

7. The elevator speed dictation control methed
>f any-one of claims 1 to 6, wherein there is further included the step(s)

of:
outputing the acceleration information by
the profile generator at all times, including accelera-

tion, constant speed, deceleration.

8. The elevator speed dictation control methed

of any one of claims 1 to 7, wherein there is included the step(s) of:
finding acceleration without any numerical

differentiation of velocity.

eet Has Been Replaced
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JERK = -AD [err] 2/ (2 * (VELLIMT - VD)) DELTAACCEL = -JERK * DELTATL./. . .

2 5 1F VD >= J1l OR AD <= DELTAACCEL THEN .. .. REGON% =.6 " -~%
BUI L \ DI ST. ERRVAX = DIST.ERR - ° GOTO _REG ON6 &
ELSEI =2 REG ON% = 5 GOTO REG-ONSs .. END I F
GOTO START. I NTEG REG ON5: ' SCC ACTI VE
_35_
9. The elevator speed dictation control method

of any cne of claims 1 to 8, wherein there is included the step(s) of:

blending the acceleration signal with the
velocity signal and applying the combination as a
iictation to a drive for the elevator car, providing an
"acceleration feedforward" that reduces velocity tracking
time, making the drive more responsive.

10. The elevator speed dictation control method
of any one of claims 1 to 9, wherin there is included the step(s) of:
providing a proportional-integral controller
used in the drive for the elevator car; and
compensating for load sensitivity by varying
the proportional gain of the proporticnal-integral

controller as a function of load weight.

11. The elevator speed dictation control method
of any one of claims 1 to 10, wherein there is included the step(s) of:
using an algorithm for computing stopping
distance, in which the stopping distance is computed
based on the DICTATED profile and comparing stopping
distance to DISTTG (distance to go; DRIVE OUTPUT COORDI-
NATES) converted to DICTATION coordinates.

12.. The elevator speed dictation control method

of Claim 11, wherein there is included the step(s) of:
measuring the distance tracking error by
numerically integrating the dictated velocity to find the

distance dictated; and

accomplishing the conversion of DISTTG to
DICTATION coordinates by subtracting tracking distance
error from DISTTG in which the a L v
DISTANCE GONE = LENGTH OF RUN - DISTTG,. and
10 DISTANCE DICTATED - DIS'I_'ANCE GONE = DISTANCE

TRACKING ERROR.
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JERK = -JERKLIM T | F AD < DELTAACCELS THEN JERK = 0
AD = 0 READ. TABLE% = 1 BUI LD. TABLE% = 0. , END | F

o2 T HMTRLAIRERIR - scove - 0RO e

GOTO PP. PRCFI LE &= ™
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13. The elevator speed dictation control method

of Claim 12, wherein there is included the step(s) of:

issuing a stop control command (SCC) when
the followxng condition is true -~

STOPPING DIST. 2 DISTTG - DIST. ERROR -

(N * VEL * DELTAT) _

wherein STOPPING DIST. is computed; DISTTG comes from a
position transducer; DIST. ERROR is also measured; and N
accounts for a number of cycles of the order of about two
(2) of delay in the processor system, VEL is dictated
velocity and DELTAT is the processor cycle time.

14. The elevator speed dictation control method
of any one of claims 1 to 13, wherein there is included the step(s) of:

decelerating the elevator with loock-ahead-

distance-to-go (LADTG) as the independent variable; and

using a multiplier in the profile generator

as a scaling factor that acts on the LADTG to make it

equal to the distance range for the velocity and acceler-
ation tables.

15. The elevator speed dictation control method
of Claim 14, wherein there is included the step(s) of:

b making the look-ahead-distance~to~go (LADTG)
adaptive and, as the end of a run is approached, using a
"washout" term for LADTG which is a function of DISTTG;
and

as DISTTG approaches zero, using a multipli-
er to act on the velocity dependent portion of LADTG to
make that term less and less significant.
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END-| F START.1 NTEG - '***** F|IND DI CTATED AD AND VD FROM-JERK --

****** ********* LOCATE 17, 1: PRINT "REGON = ", REG ON% SCC%
DI ST. m#ﬂ IAD AD = AD + JERK * DELTAT . |F AD > ACCELLIMT
THEN A , IF AD < 0 AND READ. TABLE% = 0 THEN AD = 0 VD =
VD + ((AD + PREVA)® / *2) * DELTAT *++x+ BU LD PHASE PLANE TABLE DURI NG
ACCELERATI ON ****** 50 1 | F BUI LD. TABLE% = 1 THEN PPl % = PPl % +
1 PPV(PPI % = VD o

16. The elevator speed dictation control method
of Claim 15, wherein there is included the step(s) of:
reverting phase 'plane control to pure
DISTTG, should the controcl overshoot and the DISTTG go
negati?e, and discontinuing use of LADTG as the indepen-
dent variable. - : .

17. The elevator speed dictation control method
of any one of claims 1 to 16, wherein there is included the step(s) of:
making the profile generator adaptive by
presetting the acceleration and jerk limits based on the
load in the elevator cab by a computation based on load
weight made at the beginning of a run.

18. The elevator speed dictation control method
of any one of claims 1 to 17, wherein there is included the step(s) of:
reducing acceleration at a speed close to
the base speed of.the motor, keeping power requirements
well bounded without significantly compromising flight
time, as a form of acceleration profile adaptation based
on speed.
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Abstract
ELEVATOR SPEED DICTATION SYSTEM

An elevator speed dictation system for control-
ling the elevator velocity from =zero to a maximum
velocity and back to zero, illustrated in functional
block form in Fig. 1. Velocity profiles over eight
regions (Regions 0-7) are provided for zero speed (0),
low level phase plane (1), constant jerk to prescribed
acceleration (2), prescribed acceleration (3), constant
jerk down to constant velocity (4), jerk level after
generation of Stop Control Command (SCC; 5), constant
speéd (6), and phase plane (7), respectively. Velocity
profiles for Regions 0-7, including traces of velocity
(10}, velocity dictated (20), acceleration (30), dictated
acceleration (40) and distance to go (50) versus time are
graphically illustrated in Fig. 2 & Figs. 4-6 for a long
elevator car run, Intermediate II (transition to Region
5 occurs after SSC), Intermediate I (transition occurs
from Regions 3 to 5), and a short elevator car run,
respectively:; while Fig. 7 illustrate velocity and
acceleration curves used to find the stopping distance.
Fig. 3 provides a flow chart for the transitions between
the various regions (0-7) of the profiles.

"Figure 7
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ELSE GOTO STOPDI ST END | F **** BU LD TABLE ON STRAI GHT

LI NE TRAJECTORY - - TEST FOR LOW SPEED PROFI LE * LEVELVEL =
(DECELRATIO * (AD + J * DELTAT)) / LEVELGAIN  RDI STANCE = LEVELVEL /
LEVELGAI N DI STANCE FOR WASHOUT ~ RATI@7I N LADTG | F PPV(PPI %) <
LEVELVEL AND SCC% = 0 AND VELMAXFLAG% = 0 THEN PPS(PPl % =
PPV(PPI % / LEVELGAI N PPA(PPI % = PPV(PPI % * LEVELGAIN  ELSE
PPS(PPI % = PPS(PPlI % - 1) + (PPV(PPI% + PPV(PPI % - 1)) * DELTAT / (2 *
DECELRATI O) PPA(PPI % = (AD * DECELRATI O + PPA(PPl % - 1)) / 2

KA

INCLUDING MOTOR DRIVE

AC
VD
VEL
EMS
ELEVATOR MOTION SYSTEM

POSITION

DISTTG
3
FIG.

+
POSITION

TARGET

PROFILE GENERATOR

DISPATCHING
SYSTEM
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END | F DIST.DICT = DIST.DICT + (PPV(PPI % + PPV(PPl %-1)) * DELTAT /

2 DI ST. ERR = DI ST. DI CT - DI ST. GONE STOPDI ST: 'xxxEx FIND STOPPI NG
DI STANCE TO DETERM NE SCC * | F SCC% <> 0 THEN GOTO VELCONTRCL

COVPUTE STOPPI NG DI STANCE | F REG Ob%y= 6 THEN STOPDI ST =

PPS( PPl % DI ST.ERR = DI ST. E ELSE CALL

STOPD( PPS(PPI1 %9, VD, AD, STOPDI ST, VELMAX,
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DECELRATI O, - JERKLIM T) END | F CHECK FOR STOP CONTROL PO NT | F

STOPDI ST >= DISTTG - DIST.ERR - 2 * DELTAT * VD THEN SCC»% =1
ELSE SCC% =0 END | F VELCONTROL: 50 ' *****x G| MJLATE
VELOCI TY CONTROL SYSTEM ******x*x %% *x*xR¥YY SI MULATE VELOCI TY CONTROL
( DC- DBSS)
0
S~ ZERO SPEED
|
LoW LEVEL[" ~
2\ s
CONST. JERK) N
3 SCC
CONST. ACCEL | ~

4
. CONST. JERK\ SCC N
(POWER LIM.)/
6 5
CONST. VEL. CONST. JERK

9

L AN

|PHASE PLANE]
FIG. 3

J
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- 28- CALL VELCONTROL(VD, AM VACTUAL, DI ST. GONE, DELTAT, CLOCK,

RESETFLAGY DRI VELI M DI STTG = di stance - DI ST. GONE LOCATE 20, 1:
PRI NT USI NG "ELAPSED Tl ME = ##. ##"; CLOCK
4/7
IIIIIIIIIIIIIllll'lll'lerlf'fl!llll
— —_——O -
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+LB+LTJ:JLTJ~
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' %% %% PREPARE Fm GQAPHI NG GJTPUT R b b b b I b b b I b b b b b b b I b b ! FI LL PLO‘I’
ARRAY PARR(0, SP) = AD  PARR(1l, SP) = AM  PARR(2, SP) = \D
PARR(3, SP) = VACTUAL PARR(4, SP) = DI STTG LOCATE 18, 5: PRINT
"DISTTG, DIST.ERR = ", INT(DISTTQ, 5,4 NT(DIST. ERR) ' SET SCALE
FACTORS FOR PLOT FORI =0 T04 ~/I'F ABS(PARR(I, SP)) > SF1(l) THEN

NS TR I N N L N I N N N S AN N D N N TN N D A A RN N 0 I |

-4 .619E+0]
I.539E+0l
2.626E+0]
5.828E +00
4 .280E+00

-9.85IE+ Ol

|-D ACCEL
2-A ACCEL:
VEL:
VEL:
XGO:
TIME:

3-D
4-A
5-A

!
TIME

FIG. 5
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SF1(1) = ABS(PARR(I, SP)) END | F NEXT | SP=SP +1 " EQUALI ZE

SCALE FACTORS | F SF1(0) > SF1(1) THEN SF1(1) = SF1(0) ELSE SF1(0) =
SF1(1) | F SF1(2) > SF1(3) THEN SF1(3) = SF1(2) ELSE SF1(2) = SF1(3)
"EAxxxx PROCESS SI MULATI ON CONTI NUATI O\ISARID TERM NATI ON * | F VACTUAL <=
STOPTOLV AND DI STTG <= STOPTOLS AND TSTOP = 999 THEN TSTOP =
CLCCK + 1 FLTTI ME = CLOCK
LML AN T N N Y M N Y S O Y MY B A Bt
! —-— - — 0O O
! OO0 C OO0
' BN E
i dgg2gs
- ERe™mO S
3 0 - =00 =
! dddd8Y
QO > > X —
! Q Q = —~
. I I
j oo«
| T T T w
! — M g WO z
1F

FIG. ©
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ELSEI F DI STTG <= -76 THEN GOTO FI NI SH FLTTIME = O END | F

| F CLOCK < TSTOP THEN I'F BU LD. TABLE% = 1 AND READ. TABLE% 0 THEN
50 GOTO TI MED. PROFI LE ELSEI F BU LD. TABLE% = 0 AND
READ. TABLE% = 0 THEN GOT®/7TI MED. PRCFI LE ELSE

GOTO PP. PRCFI LE

t

t

AMAX*DECELRATIO

PHASE PLANE TABLE
‘\\\SQNSTRUCTKNV
\ XTBL(n)
(CURRENT)
- -~ -DMAX=

N
T
|
|
I
|
|
|
|
—

5= ~~-—VMAX
N

.

=
N\

J2

FIG.

(CURRENT)

DISTANCE
DICTATl(y
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- 29- END | F END | F
START GRAPHI NG *******kxxx %
LOCATE 22, 1, O

ELEVATOR SPEED DICTATION SYSTEM

WWMF‘“’

FI NI SH rxkak GTOP S NULA;[I,NG,.AND
|F LONLEV% = 1 ANMLLTI IVE%— 0 Tﬁf:‘
v ST h} Q‘%
/T' ” ﬁ;_ _L»_WQQ'ﬁﬁjﬁ%
1 .

'f.shhj

The present invention relates to elevator systems and in

particular to elevator velocity contrcl. Still

precise, the present invention is related to a method
controlling the acceleration and deceleration of an eleva
in an elsvator speed dictation system.

The need to control the velocity of an elevator

‘more

for

tor

is well

known.

4,751,984 of Walter L.

Arnold Mendelscohn entitled

Elevator Velocity Profile”

tc the art cited therein

Reference is made,

for example, to Document US-A-

Williams, Donald G. McPherson &

"Dynamically Gensrated Adaptive
issued June 21,

1988, as well as

As noted in the document US-A-4, 751, 984, automatic
alavazor cgaraiicn ragulzas zha coniTvel o alavaicor
valecity Witld rasgact To zazd ¢r stcp, at The zsginning
anéd tha end ¢ a iz, Lo spesds tharazaiwasn, wnhich
minimize trip Time while maintaining comicst lavals and
othar ccnstraints The %time change in valcscity forx a
comgplats £rin s Tarmad a "waleccizy profila. dAuicmatic
elavator contrel fusthar rsgulrss contrcl ¢of tha diszancs
travallsd during a Trsip in cxdar to accomplish a graci-
sion stcy at the dastinaticn fleor

LIPS Y

L R

aaee e

. - H - - % £l — - - -
Snown That tTnhe s.cta ¢ tha ghasa-plane cuTUs3 Taorasanis
- -t~ - . et S N - -

Th@ ZCSLTLICnN 27730 gain IorX gSrassa-pnlans CzhTrcl angd o Ls
- - s - - : - 1 -y LR -~ - - < -
srcgerTicnal To sesizicn leed mandwidznh T&xT The sgzad
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PRI NT. USI NG "LOW LEV AT ##. ##", CLOCK

LOCATE 21, 1: PRINT USING "FLI GHT TI NME-= ##. ##";

1: PRI NT "PRESS ANY KEY FOR PLOT. .
THEN GOTO BEG N PREE KK
* %k ok Kk k% % x CONCTOAr L0000 L0 TEARYK CREF
XSTART,

RDI STANCE, dlstance VD, DI STTG . DELTATC,

BEG N: ' X$
CALL THE GRAPHI NG SUBROUTI NE

GREFEEPARREY, VEAPRLEY SFOZLISFHDSY XSCALE,
sSeBY i8R, RElsTAkhcwidEDnuss SU »_L;ADJ_ STANCE (SL/a,l;;T@, MJsTI PLIER,

LLTI ME% =
FLTTI ME

1 END | F
LOCATE 24, 1,

| NKEY$: IF X$ =""

EW%

! *han A Al L QQCATE 16, 5:
PRINT "l PG50 020 \iisn MFERICch of tae'zo
Oue stratagy for raducing tha raguirad sandwidth
is tc limit ths slcge of the prase-zlane valccity varsus
pesizicn prcilla (gcsiticn erzer galn) o & wmaxkimuzm
valus, such that The sesiticn Leocp bandwidih is sufli-
clently lowar than the valccisvy lcocop zanmdwid:zh
Ganerally, &the &torzue grzducing cagazility ci
glavaicr mctors may wary wiilh sgasd dus U3 TCIoT currant,
volzagsa, and/cr scewer Limizaticns. If thna &oiva Ls rez
cagabla of maintaining the accelaratiszsn limiz under all
cerditicns dua o thasa torgua liaits, scme maans cf
raducing the accalsratizn (and nanca Torzus) Ln tha
csorrasgending gerticns of the walccizy prsfiilas musT 2
grovidsd witheout compreonising czaeraticn of tha droiva 23
izs lizmit ¢z cemglicating iz gsrsiila gsnmarztizn mor2
Than nscassary.

To avoid, inter alia, these problems, in document US-A-4,

751, 984 each segment of the velocity profile was generated

at one of the limits constraining the system; viz., at

maximum Jjerk, maximum accel sration, maximum veloclity,

maximum position or loop gain, or maximum motcr torque.

eleration portion of the wvelocity

generated in an open loop manner,

T

-

he

profile preferably was

beginning with constant

(maximum) jerk, transicioning to constant (maximum)
acceleration after an accesleration limit 1is actained, and
jerking out (negative jerk) at a constant rate Lo maximum
(contract) velocity when the maximum valocity 1is nearly
attained. However, altnough US-A-4,751, 984 represents a
very substantial advance in the arz, it also was subiect tO
improvament, to which the prassent invenction 1is diracted.
The disclosure of the document US-A-4, 751, 384 is
incorporated hexesirn by refsrence.
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Prxkxx DESCRI PTI ON ***** LOOK AHEAD DI STANCE TO GO COVPENSATES FOR
SOME CONTRCL SYSTEM DELAYS T 1S D SABLED FOR THE

CONDI TI ONS | NDI CATED BELOW THE MULTI PLIER IS REQUI RED .FOR MATCHI NG
OF DI STANCES PRI OR TO READI NG OF THE PHASE PLANE TABLE | F

di stance > 1000 AND VD > 0 AND LONLEV% O THEN | F DI STTG <

RDI STANCE THEN RATI O = ABS( DI STTG / RDI STANCE) ~ .25

ELSE RATIO = 1 END | F VELDEL = VD * DELTATC
* RATI O ELSE VELDEL = O_ , END IF

From cocument US-A-4,130,184 zn slevaicr speed centec!
sysieam and a msihcd implemented ihersin hes come ¢ te
krown. Curing tn2 zccslergtion ¢f an sisveator c22, freguency

P

cunter similarly

moculated clcck pulses ars counted up oy a iirst countar 10 gene-
¢

reaie e command scesd paliarn.
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e
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jerk

SUB STOPD
" COVPUTATI ONS
profi

invention to
to some degree

JERK)
acceleration and

END SUB 50

.e.,
{following

velocity/acceleration
i

limits

DECELRATI O,

RELATED TO STOPPI NG DI STANCE SEQVENT
(as in US-A-4,751,984);

and

VMAX;,

is an object of the present
constraints;

minimum-time

XSTOP,
it
(as in US-A-4,751,984);

AD,
a
its

~

=

produce
compatibility with the drive system.

drive torgque and power

contract speed(s)
ride comfort
US-A-4,751,984) ;

Therefore,
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- 30- ' The conputation is p
VSTART- (j.erkout point) to the ve
back to a speed equal to VSTART.
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t he dist&ﬁbegggb?éoﬁs
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T2= T*T T3 =T2 *T  VMAX = VSTART + AD * T + JERK * T2 / 2 X2 =

XSTART + VSTART * T + AD * T2/ 2 + JERK* T3/ 6 JERKDECEL = JERK *
DECELRATIO [err] 2 T = T /| DECELRATIO T3=T [err] 3 XSTOP = X2 +
VMAX * T + JERKDECEL * T3 / 6 END SUB SUB VELCONTROL (VDICT, AM
VM XM DT, T, RESETFLAG% DRI VELI M) STATIC "This is a sinple DC
direct drive nodel that includes torque limting (expressed in
accel eration unitsg) The va238digeneratkep-ak aidriavezkimt $¢gnral .

functicn of distancz gora during accalaraticn. Talis

table can ba used in raversa o Ffind dictazlicn as a

functicn o distance To go during dacalaraticn. Tha naw
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"

1.

**x** gsee |ast portion of

I s used.
description *****

'The driven load is assuned to be a pure inertia and a
controller

proportion-integral

1FE

" XME

"I NI TI AL CONDI TI ONS ON | NTERNAL STATE VARI ABLE EGL=0

T

canca

"VDI CT= VELOCI TY
"VM= MACHI NE VELOCI TY
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elevalor spes
aceel
the elevator from a predater
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Claims

wation sysiem, a method for controlling ihe
aration Of an elevatcr in order to transiocats

locaticn

ion, said merthod

ts v n—

jeéck rate (o abtain a dictasd accale-

b) incagrating said dicmaied acceleration value (20) over ume ©
2
13 obtain 2 dicmiad wveiccity valus (20), said dictared wvelociy

valuz (20) for usa
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insagraing
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Dosiion vaiue;
characrerized by
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t0 frnsiccaa {rom in
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letemmining stopping disiancs
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DESCRI PTI ON OF MODEL ******

'Mwmsm et

: EGL ' SUW NG BLOCK
BL@K

E2 AM " | NTEGRATOR ;

;  TRAPEZI ODAL | NTEG

2

VM

comprising the siegs of:
3)
0) de

)

taple position vaiue and a table 2

dicratad acea

storing said ve‘.ocizv

said tzble acczieration

[n an elevaior spesd di

(93]

EG3

EG2, VM
TRAPEZQ DAL | NFEG

rermiaing, for each of said dicuat

' BLOCK DESCRI PTI ON
| NPUT LAG FI LTER, TFI LTER=TI ME CONSTANT VDI CT

VFI L
VFI L, -VM E1 ' PROPORTI ONAL

"I NTEGRAL CONTRCLLER ; GAI N*DT
EGL, EG3 E& ' SUW NG
E2 'LIMTER ; ALI MPOS & ALI MNEG

AM VM " | NTEGRATOR
XM END SUB

[n an elevator speed dictation system, the methed of claim | further

determining, for each of said dictatzd velocity values (20); a
table velocity value basad on said dictated

velocity vaiue (20);
ad velocity values (20), a

nal.a--:
CCeieral

ion value based on said

eration value (40); and

valuas (10), said wble posiiion valuas and
1 values for use Dy the spesd dicttion

craicn sysiem, the method of claim 2,
wherain said siep of detzrmining a :adle gosition vaiue comprises
the sieps of:

15 a) daanmining @ maximum velecity vaiue corrasponding w2
Gictaiad accaismailion value;
b) companing said maximum velociiv vaiug 1 sald dicmaied veloct-
tv valuz; and
c) calcufating said wble position value corrasponding 0 said
20 cictated velecity value based on said comparison.

4. Ia an elevator spesd dictation sysiam, the method of ciaim 2 or 3,
wherain  said siep of dsiermining a dle ac tion value
comprises the sieps of:

23 z) dewrmining a maximum velocity value corresponding © a
gicwatad accsiaration value;
b) compariag said maxunum velociiy valua 1o said dicuated valoci-
tv vaiue; and
¢) calculating said wakle acceizraiion wvalus corrasgondiag o sad
30 cicated velociiy vaiue basad on said compansean.

5. [Ia an slevaicr spesd dication sysiam, ihe méthod of ¢laim 2, 3, or
4, wharain the sizp of daceieraiing the alavaior comorises e 5i@ps
cl

33 a) cerermining 2 disiance 10 2o w0 (3C) the gpradetermined ending
locztion whzn h2 elevaior commaences said Cacalaranon: .
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32 C ai ns'
In an el evator speed dictation systema nethod for controlling the

“accel ' ration of an-elevator in order to translocate
t he eﬁm 'mﬂ" ﬁm determ ned startinf |ocation

. * c L M S *

34

b) comparing said commence-deceleration distance to go with the
most recently storad table position value;
¢) determining a scaling factor based on said comparison;
d) r=ading at least a poruon of said stored values of table valocity
3 and tble accelerztion frem the table as a funciion of said wble
position value;
2) interpolating said read values of table velecity and wblie accale-
raiion dased on said scaling factor;
f) dictating a velocity value (20) and an accsieration vaiue (40)
Lo the sievator Dased on said interpolated velocity value and said
intacpolatad accaieration value, cespectively.

- e

§. [n an elevaior speed dictation sysiem, the method of claim 2, 3, or
4, wherain the siep of decalerating the eievaior comprises the siegs
i5 cf
a) carermiaing he disiance 0 go ¢ (30) e gpradearmined ending
locziicn whan tha eiavaicr commences said dzcalzratucn;
5) comparing saic commenca-daczleration distancs 0 go (30) wikh
the most racanty sicrsd 2ble gosition value;
20 ¢) dewzrmining 3 muitplication factor based on said companson;
d) determining a compensation facicr based on svsiem dzlays and
a pradetarmuned washout facor;
e) detarmining look-zhead distance to go basad on said disiance ©
g0, said compensaticn facior and said muliipiication facter,
25 fy reacing at least & portion of said storad vaiues of waole veloctly
and iable accelzration from the wble;
g) interpolating said rzad valuas of w2ble valocity and wible accele-
raiton based on said {cok-zhead distance 0 go;
n) dicanng a velocity value and an accaleration valug o the aleva-
50 ior dasad cn said inierpolziad velocity vaiug and said interpola-
tad accaleraiion value, raspeciively.
7. In an elevator spead dicadon svsiem, the method of claim §,
whersin sald washout facier is a funcion ¢f cistance 0 ZC
53 (50).

ke ox x x x x
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10 ' to a predeterm ned end| ng Iocatlon sai d

nmet hod conprising the steps of: a)
integrating a predetermined jerk rate to obtain a dictated accel e-

ration val ue (10); b) integratind said dictated

accel eration value (40) ove, time to 15 obtain a dictated
velocity value (20), said dictated velockly valLue

(20) for use by the speed dictation systemfor causing the

el evator to transtocate fromthe preakstraey staring | ocation

towards the predeterm ned ‘EEQ’VEQQ' Qgg;.bO' C) intergrating
said dictated velocity val &= 192 =t cCat ec e
posi tion val ue; An elevator snee@hdnasaénPZeéyby°m for control- ()
det er ni ni ng dlﬁtﬁcecﬁeo a@wé@bébaé@ﬁo@& heedirSt 388 bELWEEN naxinunm

t he position of e, el evat or redet erm ned endi ng | oca-
tion; 25 5 Vvelocity epndjdasiy E‘Pn&eé'lost oot athsé8 At AR ance

between the block form in Fig.pasiti gaiekithe wtemalo anévtrwwématlon

) deterni ni ng;distapee, erporoPpped on sal dydictated aosigion, vl e

low level phasa plane (1), constant jerk to prascribad
acceleration (2), prescribed acceleration (3), ccnstant
10 Jjerk down to constant velocity (4), jerk level altar
generation of Stop Control Command (SCC; S5), constant
speed (6), and phase plane (7), raspectively. Velocity
profiles for Regions 0-7, including traces of velccity
(10), velocity dictatad (20), acceleration (30), dictatad

acceleration (40) and distance to go (30) varsus time ars

[
w

graphically illustrated in Fig. 2 & Figs. 4-6 for a lorng
elevator car mun, Intermediata II (::ansitio; o Raglcn
5 occurs aftar S$SC), Intermediata I (Transit
from Regiens 3 tas §5), and a shert elevatar car run,
20 respectively; while Fig. 7 illustratas velcecity and
acceleration curves used to find the stopping distance.
Fig. 3 provides a flow chart for the transitions between
the various regions (0-7) of the profiles.

Figure 1

This is the replacement sheet
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and sai d di stance gone; g) determ ning stopping distance
requited to stop the elevator 30 based on said dictated

vel ocity value and said dictated accle/l7era- tion
val ue: h) determ ni'ng conpensated di stance to go on said
di stance

to go mnus said distance error mnus a
predet er m ned val ue based on system del ays; 35
i) repearing steps (a)through (h) over tinme until said stopping
distance is at |least equal to said conpensated di stance to go.
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33 . 2. In an elevator speed dictation system the nmethod of
claim "1 further conprising the steps of:
"a) determning, for each of said digtated velocity values (20); a
tabl e velocity val ue based on said dictated velocity value (20); 5

b) determning, for each of said dictated velocity values (20), a
tabl e position value and a table accel eration value based on said

di ctated accel erati'oh'value (40); and® -+ -~ ¢)' ‘storing said
vel ocity values (10), said table position val ues agg o

said table accel eration values for use by the spee

533

I-drctali gn;10;
system for decelerating the el evator. . §.g @n@a@ @l eyat or speed
ditation system the method of claim 2, M O <whepefn said step
of determ ning a table position val ue conprlses T = - &wv -~ the steps
of : o . W

W - =

858>>%C 47

< Z

c<og<g

- T W
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\ o
™ -2 - ==
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15 ;- a) determning a maxinumvelocity value coressponding to

a : di ctated accel erati on val ue; b)
conparing said ﬁHXIﬁUﬁlve|OCIty val ue 807 said dictated vel oci'-

ty value; and c) calculating said table position value
corresponding to said 20 di ctated vel ocity val ue based
on sai d conparison 4. In an el evator speed dictation system
the nethod of claim?2 or 3, wherein said step of
determning a table acceleration value conprises the
steps of: 25 a) d i maxi mum vel ocity val ue

coressponding to ed accel eration val ue;

b) conparing saﬂgfnaxinun1velo
ty val ue; and al curing Said tabl e accel eration val ue
correspondi ng to sald 30 Ictated velocity val ue based on

sai d conpari son.
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5. In an elevator speed dictation system the nethod og claim 2,3, or

4, wherein the step of decelerating the el evator conprises the steps - 35
-a) ‘dermining the distance to go to (50)the pradeternined endi ng

| ocati on when the el evator comences sai d decel eration:

34 4/7
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b) conparing said comence-decel eration distance to go wth the

nost recently stored table position val ue; c) determning
a scaling factor based on said conpasyson; d) reading at
| east a portion of said stored values of table velocity 5

and table acceleration fromthe table as a function of said table

position val ue; e) interpolating said read values of table
velocity and tapfeaccere-rr r - T . .. ration +hase m said
scal ling factor; f) drctatlng a welocktyovg ue (20) and an
accel eration value (40) to 10 . r%%l% %r— based on said
interpolated velocity value and said Hwd o d rﬁerpol at ed
accel eration val ue, respectively. 6.5 3R RIRvalt or speed
dictation system the method of cIa|m2 3, or co ~an e B werein
the step of decelerating the el evator eorrpri ses the 'steps
I SRR o S
) PV PR B PTG
QO >>% =
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a) determning the distance to go to (50)the predeterm ned end| ng

| occation when the el evator comrences sai d decel ati on; b)
* conparing said cormence decel aration distance to go (50) With
the most recently stored table posi ti%d val ue; 20 c)

. determining a nultiplication factor based on said conparison;
d) determ ning a conpensation factor based on system del ays and

a predeterm ned™washout ractor, r rrrrrri.....e) determnkng |ook-ahead
di stance to go based on said di stance to 8 8 go, said
conpensation factor and said multiplication factof 2,8 S f)
reading at least a portion of said stored val ues ij“‘t&{blﬁe“\/é |ty
and table acceleration fromthe table;. -—;\mrﬂggg ntiepol ati ng
said read valus of table velocity and table accelgr = — m & N
rati on based on said | ook-ahead distance to go; P h)
dictating a velocity value and an accel eration value to-thecel gva- 30
tor based on said interpol a- = e acteler gtion val ue,
respectively. 2¢< =T
csesd ,
, SRR I e ~§
}—
]
{ 1O
\ -..= _Q
\.}3 | . L'__
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35
7/7

Is a function of distance to go

7.1n:anel evator speed dictation system .the nethod of claim6,

wherei n saj d washout factor

(50).
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