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Sensors and Buildings

* Monitoring of building performance
e Software-in-the-loop simulation

* Challenges:
— Legacy sensors, actuators, and automation devices
— Emerging new whole-building control
— Poor integration
— Custom software



The potential opportunity

Advanced control of HVACs can save 10%
energy in the US

Simulation informed building management
expands this even more

Immense reduction in device driver costs
Removes expensive interfacing



Goals of this technology

Automated generation of device driver
software for Modbus devices

Seamless interoperability
Reduces human effort

Modbus Definition Language (MDL)
— New XML based standard
— XSD for validation



Seamless Interoperability

Supervisory control

Integration architecture

common device interface




The Modbus Definition
Language



Device Definition

¢!-- definition of device -->
<Xs:element name="device">
<xs:complexType>
{Xs:sequence>
<xs:element name="name"
type="mdl:name_type"
minOccurs="1"
maxOccurs="1" />
{xs:element name="description™
type="mdl:description_type"
minOccurs="1"
maxOccurs="1" />
<{XS:group
ref="mdl:modbus_functions™
minOccurs="0"
maxOccurs="1" />
</Xs:sequence>
</xs:complexType>
</xs:element>




Function Groups

<!-- definition of Modbus function group -->

<xs:group name="modbus_ functions">

<{Xs:sequence>
<xs:element name="function”

type="mdl:function_type"”
minOccurs="0"
max0Occurs="unbounded”

/>
</Xs:sequence>
</Xs:group>




Functions

¢<!-- defipnition of a function type -->
<xs:complexType name="function_ type”>
<xs:annotation>
¢<xs:documentation xml:lang="en">»
<p>This element contains the
description(s) of data item(s) by
functionality of the device.</p>
</xs:documentation>
</xs:annotation>
<Xs:sequence>
¢xs:element name="name"
type="mdl:name_type"
minOccurs="1" maxOccurs="1"/>
<xs:element name="description”
type="mdl:description_type"
minOccurs="1" maxOccurs="1"/>
¢<xs:element name="addresses"”
type="mdl:address_list type"
minOccurs="1" maxOccurs="1"/>
¢<xs:element name="length”
type="mdl:length enum type"
minOccurs="@" maxOccurs="1"
default="Full word"/>
<xs:element name="count”
type="mdl:count_ type minOccurs="8"
maxOccurs="1" default="1"/>

<xs:element name="format”
type="mdl:format_enum_type"
minOccurs="@" maxOccurs="1"
default="INTS"/>

<xs:element name="block label”
type="mdl:block label type"
minOccurs="@" maxOccurs="unbounded”/>

¢<xs:element name="multiplier”
type="mdl:multiplier type"
minOccurs="@" maxOccurs="1"
default="1.0"/>

¢<xs:element name="units”
type="mdl:units type"
minOccurs="@" maxOccurs="1"/>

<xs:element name="read function_code”
type="mdl:read function type"
minOccurs="0" max0ccurs="1"/>

<xs:element name="write function_code"
type="mdl:write function_type"
minOccurs="0" maxOccurs="1"/>

</xs:sequence>
</xs:complexType >




Read and Write

<Xs:simpleType name="read_function_type">
<xs:restriction base="xs:string"/>
</xs:simpleType>

<read_ function_ type>
arg = (float)rl/l1e.0f;
</read_function_ type>




Simple Example

<?xml version="1.0" ?>
<device xmlns="http://www.ornl.gov/ModbusXMLSchema">

<name>TEMPC
<descriptio
<function>

</function>
<function>

</function>

</device>

O Modbus device</name>
n>This is a description of the TEMPCO modbus device</description>

<name>temperature</name>
<description>Spare</description>
<addresses>14</addresses>
<count>1</count>

<block label>COMMON</block label>

<name>fan relay on</name>

<description>Relayl manual output value</description>
<addresses>255</addresses>

<length>Lower byte</length>

<count>1</count>

<format>INT8</format>

<block label>OUTPUT</block label>

<multiplier>1</multiplier>

<read function code> arg = (float)rl/10.0f; </read_function_code>




Supporting Utilities
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Spec sheet

MDL generation
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Python translator

XML file

<davice xmins="n gov/Modbu S LSchana >
<name>TEMPCO Modbus device</nane>
<dascription>This is 3 dascription of the TEMPCO modbus davice</description>
<function>
<name>tamperatura</name>
<description>Spare</description>
<addressas>id</addrassas>
<count>1i</count>
<hblock_labal>COMMONC/block Labal>
</function>
<function>
<nane>Zfan_relay on</nane>
<doscriptiond>felayl msnual output valus</description>
<addresses>255</addresses>
<langth>Lowsr byte</length>
<count>1</count>
<format>INTE</format>
<block_label>0UTFuT</block_label>
<multiplier>i</multiplior>
<read_functlon_code>Enter read function code snippet here cr adding a
<write funoti vrite function codo spippet hers or adding
</function>
<function>
<nane>cocling_stage ay_on</nane>
<description>Eelayl manual output valus</description>
<addresses>2S€</addresses>
<longth>Lowsr bytco</longth>
<eount>1</count>
<format>INTE</ format>
<block label>0UTFUT</block_label>
<multiplier>i</multiplier>
<read_function_code>Enter read functicn code snippet here or adding a

version
/ivwen ot

<write | R vrite £ code snippet hers or adding
</function>
<function>

<name>cooling stage2_ralay on</name>

<description>Relayl manual outpus value</desoripticn>

<addrassas>257</addrassas>

<length>Lower byte</length>

<count>ic/count>

<format>INTI</format>

<block 1abal>0UTPUT</block labal>

<multiplier>i</multiplier>

<raad_function oode>Enter read fumction code

<write function code>Enter write functi
</ function>
<function>
<name>haating_stagel_ralay o
<description>Relayd manu:
<addrossas>258</a
<length>Lower

XML

from manufacturer’s spec sheet




XML file

<name>TEMPCO Modbus device</name>
<dascription>This ic 3 dascription of the TEMPCO medbus davice</dasaription>
<Function>

C++ header

Binclude *ndl.
/% TENPCO Modbua device

class TEMPCO Medbus_deviee |
public

<name>lenpeIature</nane>
<description>Spare</description>
<addrossos>14</addresses>
<count>i</count>
<block_label>CoteON</block label>
</tunction>
<Eunation>
<name>fan_relay on</name>
<descriptionrRelayl manual cucput valus</description>
<addresses>55¢/addresses>
<longthSLower byte</length>
<count>i</counts
<format>INTH</format>
<block label»0UTFUT</block label>
<nultiplier>i</mltiplisr>
<read function code>Enter read function code snippet here or adding a 8
<write_function_code>Emter write function code snippet hers or adding
</funotions
<Eunction>
<name>cocling_stagel_selay on</name>
<dascription»Ralay? mamual output valus</description>
<addrosses>l 56/ nddrasean>
<length>Lower byte</lemgth>
<count>1</count>
<Eormat>INTA</ Format>
<blook label>OUTFUT</blook label>

RS

“descristion”
‘edlimedbus_ismctisns®

XML Validation

element contalns the descrigtions) of dats Ites(s) by functionality of the device.cips

<nulbiplier>i</multipliecs
<read function code>Enter read function code snippet here or adding a
<urita_funetion_sode>Pnter writs function code snippat hara or cding
</function>
<function>

<nama>cooling_stagel_relay_on</name>
<dascription>Ralay? manual output waluse/description>
<addeasses>257¢/addrassan
<length>Lower byte</length>
<eount>1</sount>
< Format>INTie/ Format>
<block labal»OUTFUT</block label>
<nultipller>i</multiplier>
<read_function_code>Enter read function code
<writs function codedEnter writs functicy
</function>
<runction>
<nama>heating_stagel_ralay o
<doscriptien>Ralayd manua
<addresses>2 55</addr
<length>Lower

Code Generation

private:

_TEVICE_A__

TEHE

This is a desexiprion of the TEMPCO modbus devics

/* Conmect to a serial device */

TEMECO Medbus_devica{int daviesID, const chart sax

imt data_bit-i, int step bis=1);

C++ sources

- FIE device */

/ ct to a
TENPCO_Nodbus_device {const char® addr, int port):

any n and dale

~TEMPCO Mach:

o canne.
device();

ice(int deviealD, const char* o
e Bit) {

/* Relayl manual output valus */

inté fan_relay end) s .parity,data_bit atop bit);

veld set_fen_relay on(iat® argd
us_strerror(errnol) :
/* Nelayl nanual sutput value */
inté eseling_stagel_relay eni); -t
woid met_cooling_mtagel_ralsy_on{intd argh;

un_strerrar(srrms))

manual cutpur value +/
inth cooling stagel_relay oni);
void met_cenling_staged_relay_oniintd arg);

us_strerzos(ecaz)) ;

value */
inté heeting stagel_relay onid;

void set_heating_stagel_relay_onlintd argd: ice{const char* addr, int port)

/% Balayt manuel cutput valus */
inté heating_staged_relay oni);
vold met_heating_svaged_relay_oniinté argd: dua_strerror(errno)) ¢

/% pID2 tpoint 4/

int16 temperature_set poimt{);

\_ us_strerror(ecras));

¢ set_temperature_set point (intlé erg);

medkus_t smd;
ulntl€ ¢ £]7]; wise () |

e

modbua_free (md) ;

/% Relayl mannal outpur walus */
ints TEMECO_Modbus device::fan_relay sn{) |
intd arg:
errac = 0;
if (modbus read registers{md,255,0,z) — -1) {
throw medbus_exception(=rrme,modbua_strerrar(srras)) :
1
arg = tEloss) (rl) + 1;
return arg:

vaid TEMPCO Modbus_device::set_fan_relay on(intd arg) {
Enter write funetion coda enippet hera or adding a usar dafined cav]
paraing logic

mzroo = 0

el — _ 1 [
b iadiia e rn i aie =

Device driver generation



Thank You



