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1 Introduction

1.1 Purpose of this document
This document describes the interface (API) that is used to communicate with and control the iHand
glove. This is a first version of the document. Further improvements will be made and a final version

will be submitted before the end of the project.
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2 General description

The interface builds upon a serial interface using ASCIl communication. The interface can be used to

monitor the system and to activate the system externally.

2.1 Settings
The table below shows the recommended settings.
Baudrate 921600
New line received CR
New line transmitt CR+LF
Terminal emulation type VT100
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3 Command line interface

3.1 Line editing

The iHand emulates a VT100 terminal. A few of the last lines of input can be retrieved using the
arrow keys. The line used can be edited by moving in the line using arrow keys. The editing is inspired
by readline.

e arrow-up previous input line

e arrow-down next input line

o arrow-left move left in the line

e arrow-right move right in the line

e <ctrl-I> redraws the line and put cursor at end

e <ctrl-d> clears the screen and gets the system out of any escaped state.
e Use tab to complete the line

e Any line of input cannot be longer than 80 characters

3.2 Commands

Command Short Purpose

reset Ctrl-D Resets the terminal.

help - Prints a list of all available commands

help <command> | - Prints help about the command specified. For example, help set

prints information about the command set.

set s Used to set variable values

get g Uset to get variable values

display d Starts the display

log - Logs variables on display to the terminal. Stops at key press
logging - Logs variables on display to the terminal. Stops at Ctrl-D
login Used to log in to the iHand system

3.2.1 Loggingin to the system
The iHand system has several access levels which a user can log in to using the command login.

Level name Password Comment

all Lowest access level. Logged in at startup.
api api Access to all API functionality

debug <confidential> | Access to internal debug functionality
highest <confidential> | Access to functionality of highest level

Example to log in to api level:
e Slogin api
e Sapi
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3.3 Variables
The iHand system has many internal variables. Some of them are read-only and some of them are
read-write. The command list is used to print a list of all available variables.

Y COM23 - Tera Term VT — O ot
File Edit Setup Contrel Window Help

[ Oy I AR R SR A S CR SR e )

] bui1dHz
i i buildHai

Figur 1 Example of result of the command list

3.3.1 Setting variables
Some variables available are read-write variables. These variables can be set using the command set
or s followed by the variable name and the array values separated by spaces.

Example:
e Sset tn_externalReq 5000 5000
This line sets the first two elements of the variable tn_externalRequest to 5000

Example:
e Sstn_externalReq * 10000
This line sets all elements in the array to 10000 mN by using the *-operator.

Example:

e Sstn_externalReq [2] 2500
This line sets the third element in the tn_externalReq array variable to 2500 mN. Array/vector
variables are accessed with index 0 as the first element index.
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3.3.2 Getting variables
All variables can be read using the get or g command followed by the variable name.

Example:

e S$get p_actuator
This can result in the response v p_actuator 2.00 15.00 2.00 which means that the three actuators
are positioned at 2, 15 and 2 mm respectively.

M COM23 - Tera Term VT — O =

File Edit Setup Control Window Help

H % gat p_actuator
v op_actuator = 0L361328 0.2A0625 0,177 0.121094 0.209473

M3

Figur 2 Example of usage of the command get

3.3.3 Displaying variables
To get real time update of selected variables the command display or d can be used. When display is
active the system time is automatically displayed and it is the time in milliseconds since start up.

Example:
e Sdisplay
e S$set updateinterval 50
e $d p_actuator
This set of commands will display the variable p_actuator with an updateinterval of 50ms.

4 (COM23 - Tera Term VT — O x>
Eile Edit 5Setup Control Window Help

0377930 L2RE3Y L 157989 0.113164 0.21

al

updateintarval 50
$ d p_actuator

Figur 3 Example of using the command display

3.3.4 Logging variables

With the command log variables that are on display are dumped on the terminal, line after line. This
can be used to log and store data for analysis in an external tool. The logging is terminated by any
character received.

Example:
e Sdisplay
e Sd p_actuator
e Slog
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M COM23 - Tera Term VT — O >

File Edit Setup Contrel Window Help

Figur 4 Example of using the command log
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4 Controlling the iHand system externally

There are three main types of variables used to control the motors of the system externally:

e Requests — sets desired level

e Max limiters — sets upper limit

e Min limiters — sets lower limit

Requests never override max limiters. If several max limiters are set, the one resulting in the lowest

motor voltage is in control. Analogously the inverse for the min limiters.

4.1 Variables for control
The system can be activated and limited externally using the variables in the table below.

Variable Unit | Function Range
u_externalReq mV Motor voltage request [-20000, 20000]
u_externalMax mV Motor voltage upper limit [-20000, 20000]
u_externalMin mV Motor voltage lower limit [-20000, 20000]
i_externalReq mA Motor current request [-10000, 10000]
i_externalMax mA Motor current upper limit [-10000, 10000]
i_externalMin mA Motor current lower limit [-10000, 10000]
tq_externalReq uUNm | Motor torque request [-100000, 100000]
tg_externalMax UNm | Motor torque upper limit [-100000, 100000]
tq_externalMin UNm | Motor torque lower limit [-100000, 100000]
p_externalReq mm Actuator position request [-10, 200]
p_externalMax mm Actuator position upper limit [-10, 200]
p_externalMin mm Actuator position lower limit [-10, 200]
v_externalReq mm/s | Actuator position request [-300, 300]
v_externalMax mm/s | Actuator position upper limit [-300, 300]
v_externalMin mm/s | Actuator position lower limit [-300, 300]
tn_externalReq mN Tension request [-100000, 100000]
tn_externalMax mN Tension upper limit [-100000, 100000]
tn_externalMin mN Tension lower limit [-100000, 100000]

Even though variables can be set to any value within the range it is not guaranteed that the system
can deliver that value, it might be limited by other limitations, physical or programmed in firmware.

There are several safety max and min limiters that are always active that cannot be altered through

the API. No settings done through the API can harm the system in any way. The APl cannot remove

limitations, only further limit the system.

4.1.1 Examples of external control of the actuators

Example:

e S$set p_externalMax 55

e Ssetv_externalReq 150

This set of commands will make the actuator travel at 150 mm/s up to the position 55 mm where it

stops.
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Example:

e Sseti_externalMax 500

e S$setv_externalMax 100

e S$set tn_externalRequest 20000
These commands will result in that the system tries to apply 20000 mN of tension force. The speed
never exceeds 100 mm/s and the current never exceeds 500 mA. If 500 mA is not enough to reach
20000 mN, the requested tension force will not be reached.

4.2 Special control states

In normal operation the iHand is activated by pressing the finger sensors. When external commands
are entered to control the system, the normal operation functionality can come in conflict with the
external requests. To disable the normal operation the system can be told to enter special control
states using the variable cstate. The variable cstate is a vector variable with one element for each
finger. That means that fingers can be set to be in different states if desired.

Value State

0 No request (system is disabled)
1 Motor voltage request

2 Speed request

3 Tension request

4 Normal operation (default state)

The external max and min limits can always be used in any of the special control states.

4.2.1 Examples
Example:

e Ssetcstate * 1

e S$seti_externalMax * 1000

e S$set u_externalReq * 15000
This set of commands puts all actuators into motor voltage request state (cstate = 1) and an upper
limit of the motor current to 1 A (1000 mA). The voltage is then set to 15 V which is applied but is
limited if the motor current approaches 1 A. Since the system is voltage request state nothing will
happen when the finger sensors are pressed.

Example:

e Sset cstate * 2

e Sset tn_externalMax * 20000

e Ssetv_externalRequest * 100
The system will activate, and the actuators start moving in 100 mm/s and stop when the tension is
approaching 20000 mN.

Example:
e Ssetcstate *3
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e Sset p_externalReq * 100
In this case nothing happens since the system is in tension request state and no tension request is
provided.
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