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ABSTRACT

Most functions of conventional elevator systems are performed by a single central control
unit located in a machine room. However, such designs limit the possibilities for adding new
functions and improving system performances. This paper describes a newly developed data-
network system in which microprocessor modules located in the machine room, cars, and halls
are linked together by a serial-transmission network. Network distributed design has made it
possible to increase the system sophistication and performances.

1. INTRODUCTION

As more and more ‘intelligent’ apparatuses are installed in new buildings, the same qual-
ities (sophisticated systems, high performances, improved man-machine interface, etc.) are also
required for elevators. Meanwhile, rapidly progressing micro-electronics technology has
achieved large scale integration for microcomputers, memories, serial interface LSIs, etc.,
which results in higher processing speed, higher reliability and lower prices. In addition, the
functions and loads which used to be assigned to a single system are now divided among a num-
ber of microcomputer-based systems. Similarly, a single central control system for an elevator
can be divided among a number of local microcomputer-based controllers, where each control-
ler is interconnected by a serial-transmission network. In an actual case of application, we have
distributed a number of microcomputers in the machine room, cars and halls and linked them
in the data network system by providing a new protocol based on the function and response
time of each controller. This system is applied in the Grandee Series of elevators, which were
released for sale in March 1990, and also in the ACCEL-AI Series of elevators, which were
released for sale in January 1992. This report describes the structure and major functions of the
data network in the elevator control system.

2. STRUCTURE AND MAJOR FUNCTIONS OF DATA NETWORK SYSTEM

If a central processing method were used to improve functions, performances and exten-
sibility of a system, the central processing unit would be complex in structure and eventually
the total system would have losses in performances and availability. To solve this problem, the
functions of the entire system must be properly distributed among subsystems which are inter-
connected by a network system.
2.1 Distributed System

Microcomputers are distributed among subsystems based on the following principles.

(1) Two 16-bit microcomputers are used in the Car Control Unit; one for controlling the
car operation and the other for controlling the car speed. Also, two 8-bit microcom-
puters are used in the Car Control Unit; one for data transmission to car-related
devices and the other for transmission to hall-related devices.

This helps to reduce the load on the Car Control Microcomputer.

(2) A Car Station Control Unit located on top of the elevator car consists of three micro-
computers. One 16-bit microcomputer is used for controlling the door operation and
the other 16-bit microcomputer for controlling the door motor drive.

An 8-bit microcomputer is used for data transmission between these microcomputers
and the Car Control Unit.
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Table 1 . Names, Locations and Functions of Microcomputers

Microcomputer Name
(Type)

Location

Function

Car Control Microcomputer
CC (16 bits)

Car Control
Unit

Controis elevalor operation.

Motor Drive Control
Microcompuler DR (16 bits)

Car Control
Unit

Controls torque and speed of
traction machine drive
molor,

Group Control
Microcomputer GC
(16 bits/32bits)

Group Control
Unit

Controls and allocates hall
call signals.

Car Station
Microcomputer CS
(8 bits one chip)

Car Station
Control Unit

Counlrols serial Lransmission
and car - top devices such as
the device for automalic
announcement.

Door Control
Microcomputer DC
(16 bits onc chip)

Car Station
Control Unit

Controls door operation.

Door Motor Drive
Contrel Microcomputer
DD (16 bits one chip)

Car Station
Control Unit

Controls torque and speed of
door motor.

Indicalor Control
Microcomputer IC

Car - Based

(8 bits one chip)

Inside Car

Controls indicalors and
indication lamps.

Car Operating Pancl
Microcomputer BC1 to
BC4 (8 bits one chip)

Inside Car

Conlrols car interior devices
such as butlons, swilches
ingide slide cover.

Serial - Transmission
Microcomputer to Car
SC (8 bits)

Car Control
Unit

Conlrols serial transmission
for cars.

Hall Station

Hall Station

Controls hall devices such as
hall buttons, hall indicalors
and lanterns,

@
7]
& |Microcomputer HS
o

! (8 bits one chip)
=
T Serial - Transmission Car Control Controls serial transmission

Microcomputer to Hall
SI1 (8 bits)

Unit

for halls and group control.

—
ol
S Bl T T
o ‘qiSerial - Transmission
= A .
UéMlcmcomputm‘ to Bach
Car Control Unit

(8 bits)

Group Control
Unit

Controls serial transmission
for groun conlrel.

Table 2 . Specifications of Data Network System

Car - Based

Hall - Based

Group Control - Based

Total Capacity

140 bytes approx.

100 bytes approx.

o
E% Number of Stops | 128 floors or less Same as left Same as left
[ R3]
55| Number of Elevators — — -
‘22 for Group Control 8 or less
= Type Button Button Hall Button
g Indicator . Indicator Car Position
X Car - Top Switch Hall Lantern Car Allocation, etc.
w Door Operation
g Switch inside slide | Indicating Lamp
@ Cover Key-Operated
E Automatic Switch, ete.
] Announcement,
g etc.
&

1.4K bytes approx.
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Two 8-bit microcomputers are used inside the elevator car, one for the car operating
panel and the other for the car indicator.

(3) A hall-station is provided on every floor to enhance operability and extensibility. An

8-bit microcomputer is used in each hall-station to control the hall-related devices.

(4) Either a 16-bit microcomputer or a 32-bit microcomputer is used for the Group Con-

trol Unit in the machine room, depending on the grade of the elevator.
An 8-bit microcomputer is used for data transmission between the Group Control Unit
and the Car Control Unit.

The names, locations and functions of the above mentioned microcomputers are shown

in Table 1. The overall system configuration is shown in Figure 1.

2.2 Network Structure

The microcomputers in the distributed controllers are interconnected by the three inde-
pendent networks.

(1) Car-Based Network

(2) Hall-Based Network

(3) Group-Based Network

The most suitable transmission method is selected for each type of network based on
response time, reliability and extensibility. Each of these networks is referred to as a ‘Data Net-
work System’, with specifications as shown in Table 2.

The elevator control system incorporating this data network system is called a ‘Data Net-
work based Elevator Control System’.

2.3 Car-Based Network

The car-based network is used to control the car buttons, the car indicator and also to con-
trol the door operation. Figure 2 shows the system configuration, while Table 3 shows the data
transmission specifications. A maximum of four microcomputers (BC1 to BC4) can be con-
nected to the SC in order to satisfy the requirements of 128-floor buildings.

The transmission is controlled by the polling method as described below. The Serial-
Transmission Microcomputer to Car (SC) functions as a master station and sends/receives data
to/from substations such as Indicator Control Microcomputer (IC), Car Operating Panel Micro-
computer (BC1 BC4) and Car Station Microcomputer (CS).

Transmission is executed in a specified sequence for each station.

Figure 3 shows a conceptual diagram of the data transmission between the master station
(SC) and the substations. The transmission period for this network is 100ms. This means the
SC sends/receives a specified number of data units, whose length is also specified, within
100ms. Also, the SC and each substation are synchronized by means of a silence (or a non-sig-
nal period) inserted between each transmission period.

If the SC polls every substation one by one, a signal from a certain substation would be
delayed for one polling period in the worst case. To eliminate such delays especially for CS
signals, the polling frequency for CS has been increased to provide the CS with priority trans-
mission over the other substations. Conversely, a low polling frequency is applied to the IC,
which transmits data to the indicator, etc. which has a low frequency of change.

As a result of these measures, a substantially high transmission rate has been achieved
without sacrificing EMC characteristics.

2.4 Hall-Based Network

The hall-based network is used to control hall buttons and a hall indicator on each floor.
Figure 4 shows the system configuration, while Table 3 shows the data transmission specifica-
tions.

The hall-based network is provided with high extensibility --- a maximum of 128 (HS)
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Fig. 3 . Diagram of Transmission between SC and Substations

Table 3 . Specifications of Data Transmission

Car - Based l Hall - Based

Group Control - Based

Cable Type

Cable for Wiring

Optical Fiber Cable

Max. Number of Substations

147X2 related) | 128 8
Max. Transmission Distance 300m 100m
Network Form Bus Star

Transmission Method

Full Duplex Base Band Transmission

Signal

8- bit Data

Synchronizing Method

Start - Stop Transmission
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microcomputers can be connected to the Serial-Transmission Microcomputer to Hall (SH).
(This means 128 ‘UP’ buttons and 128 ‘DOWN?” buttons. The word, DOWN, shall be abbre-
viated to ‘DN’ hereafter in this paper.)

When polled by SH, HS transmits a button signal (UP/DN) in the form of a data bit. Also,
when two or more HS send button signals simultaneously, the signals will be logically ORed
bit by bit on the transmission circuit.

Figure 4 shows the address allocation (zone, block, bit) for all the hall buttons, where
eight buttons form one block and eight blocks form one zone. .

Figure 5 illustrates communications between SH and HS. The period of data transmission
between SH and HS is 50ms. Similar to the car-based network, a silence is inserted at the
beginning and also at the end of each transmission period so that each HS may be synchronized
with SH at each period.

SH receives hall button signals in the following procedure. When a certain zone is polled
by SH, one of the activated HS in the zone, if any, will send back the information on which
block in the zone it belongs to. In the same manner, when that specific block is polled by SH,
the HS will send back the information of which bit in the block it belongs to. In this way, SH
polls each zone, and as soon as a button signal is detected, SH polls that particular block.

Figure 6 shows a flowchart of this polling procedure. If a total of 128 HSs are to be polled
one by one, the delay time may amount to seconds rather than milliseconds. However, by using
the method shown here the delay time can be minimized to tens of milliseconds. The protocols
described above enable effective transmission of a large quantity of data without any signifi-
cant delay.

2.5 Group Control-Based Network

The group-based network is composed of a Serial-Transmission Microcomputer to Each
Car Control Unit (TE, located in the Group Control Unit) and a Serial-Transmission Micro-
computer to Hall (SH, located in the Car Control Unit). Table 2 shows the specifications for
this network, while Table 3 shows the data transmission specifications. TE and SH take two
different forms of data link as follows.

(1) GC ---TE/SH --- CC

(2) GC ---TE/SH --- HS

(1) is used by GC to control the allocation of button signals.

(2) is used by GC to control hall buttons and hall indicators.

Optical fibers used for the data transmission channel increase the transmission rate. This
allows GC to perform more precise allocation of the button signals. If the Group Control Unit
should fail, the button signals will be sent directly to the respective Car Control Units,

The exclusive transmission channel, in which the button signals were directly transmitted
to the Group Control Unit, has been replaced by a common transmission channel to provide
more reliable transmission.

3. CHARACTERISTICS OF DATA NETWORK-BASED
ELEVATOR CONTROL SYSTEM

In designing an elevator control system, we must take into account safety, reliability and
extensibility as well as operability and amenity. The following paragraphs explain the main
details of the data network-based elevator control system.
3.1 Signal Transmission
3.1.1 Serial and Parallel Transmission

The signals related to cars or halls are for the most part transmitted through serial chan-
nel. The signals concerning safety and emergency, on the other hand, are transmitted through



Yy

Car Control Unit
SH

128th #ir.

NG ACraZuiy, €L 4l

< Area Division for Polling>

w

B4
=]

zone 3

block 7

block 6

block 5

block 4

block 3

P

block 2

block 1

block 0

PRl o by
+
_:_HI)N huttons from
¢+ JB5th 1o 128t r
IR I
- [

zone 2

block 7

block 6

block 5

block 4

block 3

DN buttons froem
Ist to 64th 1.

block 2

block 1

block 0

zone 1

block 7

block 6

block 5

iock 4

block 3

block 2

block 1

bluck U

]

2nd Pir,

o

ist Pl

Hall

zone 0

block 7

hlock G

block 5

block 4

block 3

block 2

block 1

bluck 0

Bt

h Pir,

dth Fir,

ist Flr,

3rd Fir
UP Button  UP Butten U Butien " UP Butten U Bulten

2nd Fir,

Fig. 4 . System Configuration of 1all - Based Network

[

IVAREDUIADRARy J R jFcasn

< ENT )

@utmn signal in zone 0

N
?/

Y

i Button signal

in block 07 >

Y

1st to 8th fIr.

Receives button signals from

polling block 0.

b,
L

utton signal

N\B

in block 17 >

Y

Receives button signals from
9th to 16th flr. by polling block 1.

.

P>

r

Same process for

[ block 2 to block 7. _;

b

<.

<

Same polling process for zone 1, 2
and 3 as that

for zone 0.

EXT

Tig. 6 . Polling Method

1 | [ 1 i 1 1 H t t 1 1 1 i
' [ i 1 1 1 1 ' § 1 ' 1 t t
Start Zone Polling Block Polling Block Polling Block Polling Block Polling :Block Polling
SH | Command of Button Signalsx of Button Signals of Button Signals of Button Signals of Button _Signah :of Button Signals
[ T T ; ™ ; T N T E ;' i v ¥ T ) M
HS 1 Non - Signal
i Period
i
k 1 1 | 1 1 t 1 ¢ 11 i v
i 1 t 1 i 1 1 ' 1 1 i
A b ol bl Lo
HS 1 bYte H H 1 i 1 1 H ¢ 1 1 1
| ' 1 i 1 t ' i 1 t ' H i 1
| i 1 i 1 | I i, t | i 1 1
SEH P IR 1 P :
L e L L :
i i :4 :+ :Q H 1 1 ' ' t { 1 '
e’ e S Ny
Zone 0[ Zone 2 Hall Button Hall Button Hall Button Hall Button Hall Button
Button Signals |Button Signals Signals Signals Signals Signals Signals
Zone | Zone 3
Data of Key . Button Signals  Button Signals
Operated Switches
1 Transmission Period (50ms)

Fig. 5 . Diagram of Transmission between SC and Each HS




Data network based elevator control system 273

parallel channels. The following case of emergency door opening action is an example of an
optimum serial/parallel allotment. The elevator doors are equipped with safety devices which
detect the presence of passengers.

When the safety device senses a passenger touching (or standing close to) the closing
doors, they must be re-opened immediately. Since transmission through serial channel is not as
fast as that of parallel channels, safety-related signals are sent through parallel channels. First
they are transmitted to the Car Control Microcomputer (CC) through parallel channels, and as
soon as they are received, the CC outputs a door-open signal to the Door Control Microcom-
puter (DC), again through parallel channels. Since signals from safety devices need to be nul-
lified while the elevator is running, a nullifying signal is transmitted from CC through serial
channel of the car-based network. With parallel transmission and microcomputer-based door
control method, we have improved emergency door control.

3.1.2 Transmission within Car Control Unit

The Car Control Microcomputer (CC) is the kernel microcomputer in the car control sys-
tem which is interconnected with the Motor Drive Control (Digital Regulator) Microcomputer
(DR), the Serial-Transmission Microcomputer to Car (SC) and the Serial-Transmission Micro-
computer to Hall (SH). Since data transmission increases in quantity as the system gets
upgraded, we have employed a 2-port RAM for transmission between CC and other microcom-
puters so that large volume, high speed data transmission is possible.

Data transmission between CC and SC is synchronized based on its urgency and accuracy
requirements. (CC is the master in synchronization.) Data transmission between CC and DR
and between CC and SH are not synchronized because extensibility and flexibility take prece-
dence over other requirements.

3.2 Safety and Reliability
3.2.1 Dual Monitoring System

To ensure safe and reliable elevator operation, a dual monitoring system has been
employed. The dual monitoring system as related to the data network system is shown in Table
4. The major functions are explained below.

As for the CC-SC connection, CC is assigned to stop the car at the nearest floor as soon
as SC abnormality is detected. Then CC checks SC status by parallel transmission and as soon
as the abnormality is cleared, CC allows SC to engage in normal operation.

As for CC-SH connection, CC stops the car at the nearest floor as soon as SH abnormality
is detected. Then CC checks SH status by parallel transmission and as soon as the abnormality
is cleared, CC allows SH to engage in normal operation. CC can also detect malfunction of the
Hall Station Controller through SC and also detect malfunction of the Car Station Controller
through SH. If any malfunction is detected, CC takes the most appropriate steps to ensure safety
and reliability, based on the functional gravity of each controller.

3.2.2 Group Control System

To prevent system failure or to minimize its influence on the overall operation, the Group
Control Unit and the data link are monitored every moment for possible failures. If any failure
occurs, the function of the car control unit gets cut off from the entire control system so that
single-car operation (individual operation) becomes possible. In this mode, the hall button sig-
nals will be sent to CC (not to GC).

3.3 Extensibility
3.3.1 Car-Based Network

Many optional devices such as serviceable floor indication lamps, etc. can be connected
to the car-based network. Also another car-based network can be added to the existing one.
Both networks would be capable of connection to the Car Station Control Unit and other car-
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based devices. This is useful for double entrance elevators, because the front door circuitry and
the rear door circuitry can be independently connected. The double network is also useful for
single-entrance elevators with a large number of controllers.
3.3.2 Hall-Based Network
The Hall Station Microcomputer controls dot-matrix digital indicators to display various
types of characters. (This helps to improve visibility of the indicator.) Also HS can be easily
connected to indicator lamps, hall lanterns or various display instruments. This network pro-
vides the same level of extensibility as the car-based network.
3.4 New Functions
Use of the data network system has made possible the following improvements.
(1) Auto Announcement
In case of emergency, this device informs the passengers on board of the state of
abnormality and of the necessary actions to take. As shown in Figure 1, the car con-
trol microcomputer (CC) monitors elevator operation and, if any abnormality 1s
detected, sends a signal to the Auto Announcement device to initiate the appropriate
preset announcement.
(2) Manual Cancellation of Car Call
When a car call button is mispressed, it can be cancelled by pressing the button twice
more.
This function can minimize unnecessary stops caused by such misoperation and thus
improves the total operational efficiency. The car operating panel microcomputer
(BC) will transmit the cancel signal to CC throu gh the car-based network.
(3) Off-Service Floor Selection
This function allows users to cut off selected floors from service to improve opera-
tional efficiency. The off-service floors can be selected by activating the switch
located behind the slide cover on the car operating panel and then by selecting the
floors with the floor selection buttons. The car operating panel Microcomputer (BC)
sends the information to CC through the car-based network.

Table 4 . Dual Monitoring System of Microcomputers

Microcomputers Dual Moniloring | Abnormality Detection Countermeastres
Monitoring | Monitored Method ’
CCeSC cC SC Handshake Abnermality | Stops car al nearest floor.
SC CC Handshake Abnormality | Holds transmission of car
- based network,
CC+-SH CcC SH Handshake Abnormality | Stops car at nearest floor.
SH cC Handshake Abnormality | Holds transmission of
. Hall - hbased network.
GC«TE GC TE Handshake Abnormality Resumes operation when
the abnormality has been
clearad.
TE GC Handshake Abnormality Resparts GC abnormality
to CC.
{Single cnr operation)
TE«SH TE SH ‘Pransmission Abnormality | Cuts off abnormal
elevator from service.
SH TE Transmission Abnormalily Cuts off group control
unit (for starting single -
car operation).
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4. SUMMARY
This concludes the explanation of the structure and function of the data network system

for the elevator control system. This system has already been incorporated in low and medium
speeds Grandee Series of elevators, and also in the ACCEL-AI Series of elevators whose trav-
elling speeds range from low to high speeds. Research is now being made into applying it to
super-high-speed elevators.

We are sure that microelectronics will continue to progress even more rapidly and that
computer technology, communications technology and control technology will be integrated
into even more advanced systems. We hope such high-tech elements applied to future elevators
will provide autonomy of subsystems, connection with in-house LAN, coordination with in-
house equipments, and improved man-machine interface.
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