Assuring Infrastructure Readiness
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AEM’s mission is to provide the most
comprehensive semiconductor
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Presentation Agenda

» Key Drivers for Smart Building Systems
* Internet of Things
« Test Parameter Considerations

« Communication Technologies Testing
Four Pair Ethernet
Multi-Gigabit
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Fiber Optic
Network Connectivity Wired/Wireless
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« Smart Building Reporting
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Key Drivers for
Smart Building Systems

v" Combine many disparate building
systems into a single platform

v' Optimize operations, maintenance
and overall cost

[ ] e°
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Internet of Things (loT)

The Enabling Technology

loT Technology | Many Different Things to Many
Means Different Industries

[ ] e°
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Back in the day....

Traditional
Building

Envirconmental

 Building systems were
Volce Network Lighting Control Sepa rated|>/ deployed and
manage

Meeting Room
Technology

e Cat 3 - 10Mbps
Life Safety 1 Cat 5 = 10/1 OOMbpS
o Cat 4 came and went

Video Surveillance

Individual Systems Managed by

Siloed Information Technology and

Operational Technology Teams BiCSi ©

ENDORSED EVENT




Times have changed...

Intelligent
Building

Data Network Environmental

e BUI'dlng Systems are deployed |n a Voice Network Lighting Coantrol
unified manner and centrally
m a n a g ed . Power Management Meeting Room
« Many more technologies to Technology

oversee

. Video Surveillance | ife Safet
 Power and Data running on the e
same wire requires more testing

Centralized Visibility and Management of
all Building System Unifying Information
Technology and Operational Technology Teams

- Bicsi




Test Parameter Considerations
for Smart Buildings

« Times have changed.... N
* Could noise on the link affect overall network LR ‘

«  Will this link support the multiple link speeds

reqUired ? TYPESOF  .[|, CONNECTED =% CABUNG  ©o.0.c
END-POINTS | ")/  pevice powemng —|{] CONVERGENCE /| =
« Is this link capable of supporting power over

INCREASING
s

R aad

the same wire as that the network data needs = =

to run on? E
YV - -

Testing needs have evolved just as the modern

network infrastructures of today has evolved
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Test Parameter Considerations
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A Lot to Think About

v What's the deployment
objectives?

v What's the network
environment?

v How will the “Things" be
connected?

v How will the “Things” be
powered?

v" What network speed do
the “Things” requIre? mgs e
BICS]

ENDORSED EVENT
10




Overview of Testing Needs

ANSI/TIA 1152.A/IEC 61935-1 ANSI/TIA 1152.A/IEC 61935-1 TIA 1152.A/IEC 61935-1
TIA-568/1SO 11801 TIA-568/1SO 11801 " .
TIA-568/ISO 11801 : s Additional Testing for IB Support
. Optional Parameters (++) or(+) Additional Parameters
Pass/Fail ; .
Pass/Fail Informational Only
Channel, Permanent Link, MPTL e
Test Parameters Length, Delay, DC Loop Resistance, TCL, ELTCTL TDR to Fault Location for RL, NEXT, 2.5/5/10GBASE-T
Insertion Loss, Return Loss, NEXT, DC Resistance Unbalance: Shield. PoE 802.3 af/at/bt, UPoE
PSNEXT, ACRF, PSACRF (in Pair & Pair to Pair) ACRN, PSACRN, Impedance Hybrid Powered Fiber
Pass (V) B4-RO1-POI1-16 PAss (7) PASS (V) =Y
TIA - Cat 6A Channel TIA - Cat 6A Channel (++) TIA-Cat6AChannel [ ERE E ————————————— g;
EeEn - I o, | e ) = =
Network Compliance o Length(m) 46.6 ACRN o hiss s
(| —
Length o Delay(ns) 244.0 PSACRN o | | P:::m | P
Delay @ DC Resistance(Q) 7.4 mpedance @ , w i msunsa
DC Resistance 0 NEXT(dB) =0 RL Locator o
PY RL(dB) 4.8
Insertion Loss
L(@8) . NEXT Locator @ o~
Return Loss o . [ @ ®
TCL(dB) Shield Locator o BICSI
A |
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Resistance Requirements
for Channels to be compliant for PoE delivery

As specified in ISO 11801, ANSI/TIA-568.2-D and TIA TSB-184A D3.0

DC Loop Resistance for Cat3/5e/6/6A shall not exceed 25 Ohms

v Required for certification

DC Resistance Unbalance <200mOhms or <3% of Unbalance in pair (750mOhms)

v’ Optional with certification as a pre-qualifier for PoE support

DC Resistance Unbalance between pairs <200mOhms or <7% of unbalance between pairs

v’ Optional with certification as a pre-qualifier for PoE support

DC Resistance Unbalance tests are NOT a PoE test

[ ] e°
BICS]/
ENDORSED EVENT
12




Why Resistance Matters - I°R Power Loss

* In anideal circuit, the power applied to the link would be delivered to the endpoint
(load) with no energy wasted or dissipated in the wiring or components along the
path.

» Real circuits, however, have resistance. Even a small amount can cause electrical
losses dissipated as heat.

» These losses can be calculated by using the current squared multiplied by the
resistance (I°R).
* Example:
e |- Measured Current under load is 1.73A
R - Resistance is 6.25 ohms
1> - Current squared: 1.73 x 1.73 = 2.99
6.25 (ohms) x 2.99 (current squared)= 18.7W power loss (71.3 delivered on 90W PoE) ° Py

BICS]/
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Importance of Testing
for Smart Building Needs

1011/22 01:23 PM

A-001
TIA - Cat 6A Channel

Length(m)

« Remember those optional
tests we just talked about?

Delay(ns)

%)

DC Resistance(Q) . DC RESISTANCE (Q)

* A cable that passed a
PR @y e “standard” autotest .......

in Pair

NEXT(dB)

e
IL(dB) . 12 9.851 25.000

36 9.773 25.000
PSNEXT(dB)

45 9.968 25.000

78 12.791 25.000

ENDORSED EVENT
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Importance of Testing

for Smart Building Needs

10/11/22 01:31 PM

A-002

TIA - Cat 6A Channel (++)
i N
Summary @ Wiremap

Length(m) 48.0

Delay(ns) 252.0

DC Resistance(Q) 12.9 DC RESISTANCE (Q)

UnBal. UnBal.
Pair Result imi ¥4 Loop @ ::‘n:::; UanBpaL

NEXT(dB) 3.3 DC RESISTANCE (Q)

RL(dB) 3.1

i)

\/

May fail an autotest with the
optional parameters

This underscores the importance of
complete testing to ensure support
of the loT technologies that will be
deployed to avoid problems during
device install

Note: Patch cords play a big role in
resistance/resistance unbalance

UnBal. in Pair(Q) 1.8 Pair Result
UnBal. P2P(Q) 0.8 36 0.146 0.322 12-36 0.107 0.375
45 0.209 0.322 12-45 0.168 0.375
78 1.841 0.322 12-78 0.782 0.375
36-45 0.061 0.375
36-78 0.675 0.375
45-78 0.614 0.375

[ ] o°
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Category Cabling Factors

* Installing lIoT connected devices on a legacy system?
v" >1.5B Cat5e/Cat6 Outlets
v' >70B meters of Cat5e/Cat6 Installed cable

3#15;&;5zable Length CAT6A
2.5GBASE-T Assured
5GBASE-T Assured
10GBASE-T NA g rlébsjstet(;kt?i:ﬁwng Assured

g;:ﬂ!g? ggr:]e A CAT5e CAT6 CATBA
2.5GBASE-T Assured
5GBASE-T Assured
10GBASE-T Assured

@ v CatbA was designed such that it is assured to support all GBASE-T link

.@
speeds up to 100m BiCSI
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Ensuring Multi-Gigabit Link Speed

07/21/22 11:33

®

« Many loT connected devices require a specific level
link speed in order to operate efficiently

« Safeguard you're getting the best performance
possible with your investment by testing

« Signal to Noise Ratio (SNR) is an important test to
provide you with visibility into headroom

* SNR based testing, means you are testing under load
to simulate as much of a real world environment as
possible

« If PoE will be deployed, it's a good idea to test with

BOTH traffic and power running on the wire

PSE Types 4 Simu|taneOUS|y

Approximate Length: 65.0 m

Q7/21/2211:38

Margir
(dB)

3.3

(%)

MARGIN DETAIL

12(dB) | 36(dB) | 45(dB) | 78(dB)

Approximate Length: 65.0 m

PDClass 8

v 51.5VN.3A

RealPower ‘ 67.2 W

[ ] e°
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Single-Pair Ethernet (SPE)
for Smart Buildings

07/22/2216:10 [46% |1 07/22/2216:09 G4% J[I @

PASS (V) PASS (V)

» SPE technology has been used in automotive

TOBASE-TIL STP1000m (1SO IEC 11801-9906) TOBASE-TIL STP1000m (ISO IEC 11801-9906)

applications for many years, due to the reduce
- e . o o
weight, volume and low cost

Main Remote

Length(m) 200 : * In enterprise building and factory
Delay(ns) \ _ deployments, SPE is an attractive option
DC Resistance(Q) ° nghter

RL(dB) ‘

IL(dB) 0.  Lower cost

« Longer distance (1k meters)

» Supports Power over Data Line (PoDL) power
delivery method

* Follows 802.3cg = SPoE

[ ] o°
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Ensuring Fiber Optic Links

07/24/22 14:03 74%

07/24/2214:05

PASS (V)

%’

Tx 1Gbit/s FC
* Tier-1 certification (Multimode and
Length (m) 32.1 JOOBASE-FX SI ng |e m Od e)

Delay (ns) 159.9

» Length and propagation delay

» Dual ended loss

» Single ended loopback loss

« Hybrid Powered Optical Fiber Testing

* Integrated loop resistance
testing

 Voltage measurement

T00GBASE-SR10
Margin 850(dB) 0.8

R BN BE< BN BE<

Margin 1300(dB) 100GBASE-SR4

Network
Limits

(®) 1300nm

Loss Limit Margin

(O 8sonm

DC

SET REFERENCE SET REFERENCE

(dB) (dB) (dB)

.

024 1.05 o0.81

=
pee

LIGHT SOURCE/
POWER METER

FIBER
INSPECTION

0.34 1.05 on

[ ] e°
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Hybrid Powered Optical Fiber

07/24/22 1419 7% [

FIBER CERTIFICATION

%

» Fiber cable with a copper pair under same
jacket

» Copper pair is used to provide power to
remote device or PoE extender

Q
£

Autotest

®
o

Bicsi
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Hybrid Powered Optical Fiber - resistance measurement of copper pair

%

* Provides assurance of the copper pair that will
carry the power

« Time savings in testing the fiber and copper
wire simultaneously

07/24/2214:03

Summary

Tx

Rx

Resistance:0.50 0
Length (m)
Delay (ns)

Margin 850(dB)

Margin1300(dB)

[ ] e°
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Ensuring Network Connectivity

07/22/2214:04 MAIN oo [[B8% | 07/22/2213:46 MAIN &t [[62% 0 o
—
WiFi MULTI-GIG ooo
i NETWORK TESTS

11000Mbps, Full Duplex
Auto-| ‘Nég’:iOFF

Available Networks

v" Physical infrastructure
Installed and tested

v" Network components

installed and tested
— Ix) * PSE, “regular” Switch, PDs (WAPs,

Sheldonopolis Il 5 | Ch dBm

SSID: Sheldonopolis |1 §

dBm: 48 o Cameras, etc.)
: ystem Name

IP Address: 192.168.68.148 WOPR-CheyenneMountain

Channel: 6 Switch Detail

Signal: Excellent SG250-08HP 8-Port Gigabit POE Smart
Switch
Port Id / ! 1
What's next on the testing
Vian Id

1

check list?

Port Capabilities
10baseT(HD) 10baseT(FD)
100baseTX(HD) 100baseTX(FD)

::"0::9“”’ ..... Wired and Wireless network connectivity testing
Wi-Fi Connect ' S IPv6 Address

N

2601:882:8180:30::a20¢

& R Bicsi
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PoE Deployment Types

Advertised Power Delivery Allocated Power

PoE Method Pairs Used at PSE Available at PD*

IEEE 802.3af Type 1 2-Pair Only

IEEE 802.3at Type 2 PoE+ 2-Pair Only 30.0W
IEEE802.3bt Type 3 PoE++ 2-Pair or 4-Pair 60.0W
IEEE802.3bt Type 4 PoE++ 4-Pair Only 90.0W
Cisco UPoE 4-Pair Only 60.0W

PSE = Power Source Equipment a.k.a. the switch
PD = Powered Device i.e. Camera, WAP, Light Fixture

*Allocated Power assumes a good 100m channel. Delivered power (a.k.a. “Real
Power"”) depends on length and resistance and requires PoE Load Test to
determine. e~
Bicsi
ENDORSED EVENT
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Demanding More from the Network Infrastructure

2
PoE Infrastructure 2,312'm
? || — - A
. LED Lighting 389 B o0 1
Phone, Client 19 I——n—-.=- | S / | . iy E— L,
B vonitor "o b@moy, 0 OGO B OO0 0 Ofd ]
’I“ . = P ﬂl m Bl - mm H . .l. M- mim - B - o
B.0O .0 —a g a
: - H 5 B = mm mm um an ]
. Display 15 o o g ol NECE . mm] - « (mlml " . o--
[ | v . 3 o .o g . .. [ g .
" PR Dt T Dy i Py oul 1 it i 5 o P P RS I !-. ]
Occupancy - N S s pEEls um a el | R =
|:| Sensors « o i o .IJ = 10 el 1 1 el ) a P | = a 8l B
M-I - T - Y INEFY EEE OO e we |DOjoO) i 34m
. N | 00 m|m o ~ O - o -
WAP 10 - - = L1 __T.]
5 s 3 o . e m(m . ‘. ] . |. m| - Hi.ﬁ\rrﬁr G n-'n o .
ek . I = a . O a C Ao o
el N B me B me @ ke 8 N . = .
Ojgo |O=O =l u = .
Shade Control « W R T u|m 0 o mm a8 B=g ' @ o o o |8 o
. 40 = FRLLL I el 1 T el ™1 [ el T w T g o |
m - m - “ .| 4 B A Dl “ nﬁn | @ B B |y o
] ] B N e, B & i .
. Security Camera 12 " . ™ NEEPS 'Et a B a g |8 =]
o o EE | = L “
i i |- 1 14
o a a =] =] o a u
. Access Controls 8 L ET. _ L | 0 F —
O oGl o oW gs| os| @% 0O _0O o ‘m g o
Bl | & . .
755 | B ML L R o
Total ‘g gl Bl a In 6 g plo 6 al asf 8T8’ 8’ @ B @ [Ja a @
— — = — |V
Thousands of metres of cable that
must support data and power Py
ENDORSED EVENT
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Ability to Perform PoE Load Testing is Critical

| — e —— * Things can go wrong
_________ IntelhgentBuﬂdmg System » PSE misconfiguration
| |  PSE overprovisioning
* Not enough power at the PD
() L P
——————————————————————————————— o QC?I___‘: ’
* And, there's always the blame game
Q LS I to deal with when something doesn't
= 0 (88) work
AAAAAAAAAAAAAAAAAAAAA Y « When something doesn't turn up,
& SN {”g who's likely to get the phone callﬁ..
LTIy « Ability to perform load testing is

critical
» Exonerate the cable infrastructure
» Be the hero and find problem domain

[ ] e°
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07/21/2212:48 MAIN [76% o
PoE

v
HD
[ ]

Select Standard

802.3bt (90W)

PSE Detected
Voltage

PSE Type

PD Class

PoE Cable Pairs

Allocated Power

S | O

Update PoE Load Test

802.3at (30W)

802.3af (15.4W)

UPOE (60W)

Load Testing

07/21/2212:51 MAIN

PoE LOAD TEST

Voltage

Current

RealPower

Note: Click + to increase the PoE load and
click - to decrease.
PoE load increment is 10 watts

Load

PoE Load Test validates the

TN
.@

Bics/
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Documentation

TN

Bicsi
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Complete Smart Building Reporting

Twisted Pair and Fiber Optic detall
performance reports

« Required for cable manufacturer
warranty programs

Pass
Lt TIA-568 3. SingleMode Indocr-Outdoor STD
; AM
= 11152021 93621 L i
A-002 Test Time Model ETe2000071, Remote: 42000072
Pegjoet = SewcSomware  :33R1
Profile 3 Calibration Date -Fm.mﬂ;.gﬂ
Test Ti Operator y . Jumper Main Adapter PROBE FIBE!
prtect Se2pz 2074 M Cable Type Bt Remote Adapter  : PROBE FIBER SM
Limit R :Lc
Profile ¥ Model < 10BASE-T1L TP P Connector 10499
Operator mﬁ' Ethemet Serial Number Nestbro CV100 1000m (1S IEC 11801.9 Grade 052 : m 1505
Cable Type /NP - yyam Device Software - 21" 5200-1227, Remote: 5200.1 Performance  Dual Ended Single Direction End Connector Loss -0.75
5 228 Configuration
Connector UTp ot 54 C8 . 68% Calibration Date o 2 Connector Loss 075
SPE ;Vwm.muay 13,2021 - EMCEMM ‘0 Splice Loss o
-0 :

PROBE spg No. Splices

ENDORSED EVENT
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Complete Smart Building Reporting

4533 PM
- 3/5/2020 345:
- DECK 8 LAN/POE

Multi-Gigabit link speed reporting
* Provides Pass/Fail indication at each required
link speed include available

Profect 9/8/2020 3:16:58 AM Limit : TIA-Coax Se! e
; o L Emwmeea margin/headroom
fil - Serial Numl| z z 2
of :u : g::u ;5 Dexica's . : ;{:&;200—0071. Remote: 4200-0072

?ﬁ%n Sg;&;’ﬂg 2020 Po E Loa d
- | » Document PSE configuration and RealPower
] s : at the jack where PD will be deployed

COAX 75 Ohms , 82%
COAX

410] 28550
Coax
T — — » Document Coax link performance
Freq : vum.'m::, Worst Margin Worst Value
i [P | gy |amizy | P | i | amy | ey | Pai @ | o
100 12 00| 100 '

Insertion Loss

= 50
= 40 =)
S 30 - - 1
- ) >
2 2o | Ll 3 s
s Lol i e 2
= 10 3
| =
0

0 4008 8018 -O 4008 8016
2004 6012 1002 2004 6012 1002

Frequency (MHz) Frequency (MHz) B o ) ®

ENDORSED EVENT
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Complete Smart Building Reporting Benefits

A-003

Wi i >
Pass
Test Time - 5/25/2021 9:36:54 AM Limit : TIA-568.3-D MultiMode REF Grade
Project - Default Model - TestPro CV100
Profile - MM Fiber Serial Number - Main: 5200-1227, Remote: 5200-1228 .
Operator - Default Device Software :35R5
Jumper Method - One Jumper Calibration Date - Wednesday, January 13, 2021 ] P rOVI d e S e n d C u Sto l I I e r a rO Of Of
Cable Type : Generic MMF Main Adapter - PROBE FIBER Hybrid MM
Connector #LC Remote Adapter - PROBE FIBER Hybrid MM | . t
Performance Grade : OM4 Length(ft) :104.99 q u a I y
Configuration : Dual Ended Single Direction Delay(ns) 11598
No. End Connectors :2 End Connector Loss :0.5 .
No. Connectors 0 Connector Loss 1075 [ ] P t t t h t I |
No. Splices 20 Splice Loss :03 ro ec S e I n S a e r
DC Resistance :1.19Q 5
I
850 nm 1300 nm ° S t f t t
upports manuractuurer s system
Pair Result Data Limit Margin Pair Result Data Limit Margin
Fiber 1 Main to Pass 0.26 1.10 0.84 Fiber 1 Main to Pass 0.27 1.05 0.78
Remote Remote Wa r ra n ty
Fiber 2 Remote to Pass 0.29 1.10 0.81 Fiber 2 Remote to Pass 0.28 1.05 0.77
Main Main
* Includes complete test results
Unit Reference Power Unit Reference Power n u r u I/
Main -21.57 Main -23.16

ot details about the equipment

Compliant Network

S used, test configuration and

1000BASE-SX 100BASE-FX

100GBASE-SR10 100GBASE-SR4 . M . 1
10BASE-FLand FB 10GBASE-LRM a p p |Ca |O n COI I |pa | | | y
10GBASE-LX4 10GBASE-SR

10GBASE-SR/SW 16 Gbit/s FC

2 Gbit/s FC 32 Gbit/s FC

4 and 16 Mbit/s Token Ring 4 Gbit/s FC

40GBASE-SR4 8 Gbit/s FC

ATM at 155 Mbit/s ATM at 52 Mbit/s

ATM at 622 Mbit/s ControINET

FDDI PMD Fibre Channel (FC-PH) at 1062Mbit/s

FOIRL

SN



Wrap Up

TN
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Smart/Digital Buildings offer organizations
v' Alignment between IT and OT

Lower infrastructure costs

Deployment flexibility

Centralized control

SMART SOLUTIONS

FOR SMART BUILDINGS

Simplified installation

DN N N NN

Cost savings
Electric bill
Cable re-use

P

Bicsi
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Subsequent Cable System Re-Testing

. Moves/Adds/Changes can have an impact on cable system performance over time

. Replacement of patch cords (user cords & equipment cords)
v" Lower quality or different category can cause issues

. Unplugging/Plugging cycle (plug/jack mating)
v" Moving/changing out a PoE device and unplugging the patch cord from a live PoE connection and
plugging in again can result in arcing between the plug and jack, causing degradation of contacts

. Re-testing of the cabling system over time can help ensure performance is still at acceptable
level to provide

N
.@



®
\J
E
3
»

Thank You

www.AEM-Test.com

Werner.Heeren@aem-test.com



