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AlA Quality Assurance

The Building Commissioning Association is a Registered Provider with The American Institute of Architects
Continuing Education Systems (AIA/CES). Credit(s) earned on completion of this program will be reported to
AIA/CES for AIA members. Certificates of the Completion for both AIA members and non-AlA members are
available upon request.

This program is registered with AIA/CES for continuing professional education. As such, it does not include
content that may be deemed or construed to be an approval or endorsement by the AIA of any material of
construction or any method or manner of handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the conclusion of this
presentation.



DISTRO A- UNCLASSIFIED

Course Description

Building Graphics Design

Getting More with Better Visuals

Building graphics (web-based interfaces that visualize building automation system operations)
are essential for monitoring HVAC, lighting, and energy performance. Despite decades of use,
their effectiveness in supporting operators and planners is often limited. Many graphics are
siloed, inconsistent, and misleading, creating operational challenges. This session, supported
by field photos and examples, demonstrates how poor graphics hinder decision-making and
system understanding. Drawing from information visualization, industrial control, and
commissioning best practices, it presents design strategies that improve usability, accuracy, and
efficiency. Attendees will gain practical guidance to strengthen local facility interfaces before
relying solely on cloud-based dashboards and analytics tools.
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Learning Objectives

1.

2025

Understand the role of building graphics in representing
building system operations

ldentify issues in usability and accuracy issues for
common building graphics

. Apply design principles to improve HVAC, lighting, and

building energy system visuals

Create best practices and new standards from published
resources related to building graphics usability

BCxA
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Building graphics are key to understanding & optimizing our systems
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What drives the layout of our most important building graphics?
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| have 2 perspectives to share today on building graphics

Former Army Mechanic Current Research Engineer

“The facility interface requires
modernization using information
visualization principles and cross-domain
practices to improve usability”

2025 BCxA 8

“we have sh!t graphics that don’t tell
us much and wonder why it’s hard to
get things working right”



Building graphics should provide the right Awareness to FM roles

1. What is happening?

* clean displays & arranged elements

e custom role access & navigation State of the

environment/ -

system
2. What does it mean? a SITUATION AWARENESS b
 system diagram layouts with context Perception | Comprehension Projection PERFORMAN
L | of data and of the meaning | of future states | = DECISION oF
; : : ; the el ts of nd signif and events ACTION
* not just raw data, with info layering insmehllll| el el
| (Level1) ) (Level 2) (Level 3)
\. J

3. What will happen?

* prioritized user notifications and displays
» KPI trends that reveal key trends
Endsley (1995)

* resources & actions as decision-making support

2025 BCxA 9



How’'s our awareness level here?
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There are some great resources that touch on building graphics design

’ T i Rl 3 500 1551’1?11“?.2[__,_, _______________ - | ASHRAE Research Pfﬂiect Repor‘t
AR R S R SR 1633-RP

CBE

Data and Interfaces for Advanced Building
Operations and Maintenance

RESEARCH SCOPING REPORT :
WVISUALIZING INFORMATION IM COMMERCIAL BUILDINGS

;‘E}Ej&ﬂh:mm-tﬁlll'uwr'.hul't.i.lﬁnuu Devhries Criteria fDr BUilding
Automation Dashboards

E;:.c::rHMI Style Guide GSA Reg|0n 1
BAS Graphic Format

The following pages re
required BAS graphit

‘ - = Strict adherence to this BUiIdiﬂg Automation

Do You Expect a BMS . Systems
SiﬂglE Pane of Glass | Best Practices Guide
(SPoQG) Interface? R

Approval: August 2015
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Let’s start with the main display elements and try to build a better graphic

Occupancy Information
Scheduler Command : Occupied
Cutside Alr Temp Occupied Setpoint : 40.0 *F
Thermostat PB éﬂl.'ui O

System Mode : Occupied

Damper Control
Economizer Enable 5P : 62.0 'F
Economizer Mode : Off
OA Damper Cmd @ 5.0 % OA
Min DA Position : 5%

Outdoor
Air

Mixed Air Temp : 70 *F

Return
Air

Return Temp : 68.5 *F
Low Limit : Normal

Return Humidity : 54 %

Heating Cmd : 0.0 %

Supply Fan Status - Rumning

Supply Air Temp Resad
Supply Temp 5P : 55,0 °F
Supply Temp : 55 °F
QAT Hi 5P : 65.0
Supply Temp Lo 5P : 55.0
QAT Lo 5P : 55.0
Supply Temp Hi SP : T5.0

Supply Fan Cmd : Cmd On
VFD Speed : 96.0 %

Supply
Air

g

Static Pressure : 0,68 infwc
Static Pressure 5P : 1.00 infwc

Room Control
Room Temp : 71.0 °F
u_rmc Clg S_P & T‘B_.l] *F
Unoce Hig SP : 55.0 *F




Let’s start with the main display elements and try to build a better graphic

W &
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Piping or ductwork will be the framework for most system graphics

2025 BCxA 16



Use System Diagram structures as consistent & comprehensive mental maps

OA
|||
H
|||
H

Recirc Zone 1 Zone 2 Zone 3 Zone 4 Zone X

Exhaust
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Use System Diagram structures as consistent & comprehensive mental maps

High Pressure Side (Supply)

OA

Recirc Zone 1 Zone 2 Zone 3 Zone 4 Zone X

Exhaust

Low Pressure Side (Return)



Use System Diagram structures as consistent & comprehensive mental maps
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Overlay simple HVAC components on the System Diagram layout

Normal 55°F
.k i 1z . . ___ - .
OA d _ i :
:"‘f Zone 1 Zone 2 Zone 3 Zone 4 Zone X
Exhaust I

BCxA 20



Use light icon animation for status or value changes

OA

5% Open - 95% | | ' |

: 100% Open Zone 1 Zone 2 Zone 3 Zone 4 Zone X

Fr—— e — e — e o — — — —_— —— —_—

Exhaust

0% Open
BCxA 21



Incorporate related valve and plant data for context

¢ 7

62%| 195%

9
&

OA

155°F 49°F

4 Zone 1 Zone 2 Zone 3 Zone 4 Zone X

70°F/54%

BCxA 22
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0% Open



This restructured and reoriented air-side system graphic is better

10% minOA 79°F 24" w.c

BAF 4s0CFM

—

|
L

0% Open

—=B60 ppm

|
Ao | 100% Open

b

0% Open

Normal  Normal

Z

155°F

Running

?E"

100%;

Running

NoAlarm  55°F

?3%
Cmd On

=

4,650 CFM Nﬂll:‘lll Mo Smoke 2.1" u:r.r..
| | I

Zone Group 1:| |Zone Group 2:| |Zone Group 3:| |Zone Group 4:||Zone Group 5:

Class Rms || Offices Conf Rms || Common || IT Rooms
Zone 1: 66°F | | Zone 2: 76°F| | Zone 4: 73°F| | Zone 6: 70°F|| Zone 20: 69°F
Zone 3: 69°F || Zone 5: 69°F| | Zone 17: 74°F| | Zone 15: 73°F|| Zone 22: 70°F
Zone 7: 70°F| | Zone B: 74°F| | Zone 18: 73°F| | Zone 19: 74°F|| Zone 23: 76°F
Zone 9: 76°F | | Zone 10: 74F | | Zone 21: 72°F| | —-

Zone 11: 68°F| | Zone 14: 76°F ZN-P: 0.05" w.c.

Zone 12: 67°F| | Zone 16: 73F

Zone 13: 64°F
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Building

Home Trends

A . . i e
‘ Tables This is even better patug ‘ yst ‘

(B4°F 4S0CFM | 10% minOA 78°F 4850CFM  55°F 217w

| 79°F hh " l'
| 71 &

0%
0% Open
Cla n mman IT
55 Offices Conference || Commo
| Rooms Rooms Areas Rooms
125%F 49 Avg Zone: 6T°F| | Avg Zone: TSOF| | Avg Zone: 72°F| [avg Zone: TO°F|| Avg Zone: 68°F
e | _ Min/Max: [GE°F]| | Min/Max: [TOPE]| | Min/Max: [EI°F] M..-.,rp.q;,_ml Min/Max: [64°F]
s 1005 open | HWPlant | ChW Plant &) 7a°F (&%
Rm-101
@ﬂ.lﬁ' W.C.

agosocem  739F

0 o

0% Open 68%
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This Is even better

Safety Trip 559 1" w
Fan Disable Safety Circuit Points:

Supply Air Smoke Detector: Ok (Last trip: 14 May 2018)
Fan Discharge High Pressure Switch: Tripped (Last trip: 14 Apr 2023)

Safety * Hardware reset required also required at unit
Reset Button!| ° level 3 alarm will be sent to 0&M Routing Group

25



This Is even better

Trim & Respond approach

Additional Sequence Variables:

SP-Initial; 0.75" w.c.

5P-Reset Timestep: 5 minutes
SP-TRIM: -0.04" w.c.
SP-RESPOND: 0.06" w.c.
SP-RESPOND-MAX: 0.15" w.c.

Duct Static Pressure Setpoint Reset:

SF-Stalus

o D5P-5F: 1.3 " wee.

s, 07" woen |

Zone Info:

Current Zone Requests: 5
Current Zone Driver: VAV-101
Current Zone Driver Time: 4 hours

Edit Zone
Reset Participants: | VAV Table



0% Open
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‘ 125° 49% 76°F] [73°F] [76%]|
Ecanomizer: :r rre | Koo Hwt;;:"t: rhwur: i Max ZN-D:33% | Max ZN-D: 100%| Max2N-D: 74% | baax 2n-0: 65% | [Max ZN-D: 75%
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These are great approaches with high usability & scalability
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Home AHU AHU-X is currently is currently operating Ok but with some problems Energy AHU

View © ] |, Tabes and providing 55°F supply air at 0.84 total AHU kW per kCFM delivered View Schedie
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Home AHU AHU-X is currently is currently operating Ok but with some problems Energy AHU
View, | | Tabses and providing 55°F supply air at 0.84 total AHU kW per kCFM delivered Viswi' | |oSchedue. )
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Home AHU AHU-X is currently is currently operating Ok but with some problems Energy AHU
View Tables Th o . . View Schedule
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N |
[%open |
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[76°F [75%] [73%] [7e%]
plax ZN-D: 33% | MaxIN-D: 100% | Pax ZN-D: 74% | Max ZN-D: 65% | Max IN-D: 75%
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Hﬂmﬂ "*HU AHU-X is currently is currently operating Ok but with some problems Energy AHU
VoW | | tebies and providing 55°F supply air at 0.84 total AHU kW per kCFM delivered View | [ Scheduie
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= N = ”
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Home AHU AHU-X is currently is currently operating Ok but with some problems Energy AHU
Vi Tabl i & < Vi Schedul
= e and providing 55°F supply air at 0.84 total AHU kW per kCFM delivered iy edute
5,850 CFM 84°F. 76°F 76°F | a,650cFM | 550F 0.7 we
B — ) — — —— - S — l
|
! I } o .
% LJ_..J' > }
(0% [80%] 95%
Class Offices Conference || Common IT
Rooms || : Rooms Areas Rooms
155% 49% awg Zone: 67°F| | avg Zone: 75°F| |avg zone: T2°F | lavg Zone: 70°F | |avg Zone: 68°F
e G Mlﬂ.n’Mn:: Min/Max: I Mk, M E; Mln,.fmu- Miny ha: | B4%F
, : ' 76°F 73°F 76°F
100% Speed- Ok Ok
Wheel: FCUs: Not O FCUs: Ok FCUs: Ok Fcus: Not Ok Feus: Ok
Ok Coil section: Ok Radiators:Ok | [Radiators: Ok | [Radiators: Ok | [Rgalators: Ok A
2‘.-..1?, T Today ZN-15 © T Tadoy IN-T1 — Todoy ZheTs
5250 CFM |82°F 70°F 4,050 crm
i. I o l | t
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Level 1:

Level 2:

Level 3:

Level 4:
(pop-ups)

o ——————

L Helpfiles We need better information systems
~J___Schedules__ 1 |
__i___Reports__ 1!}
L Aarms__ iy
i Trends oo tools Bldg Overview | aiternative | Bldg Overview
| Tables R
! INEE (unfiltered) (Home) (Floor Plan)
tools tools 100!
(filtered) : < tools <
| | Syst Overview (fiterea) Syst Overview (fitered) | syst Overview
(Air-Side) relational (ChWS) relational (HWS)
T T T hierarchical
hierarchical
hierarchical ‘
| AHU-3 | Supply Zone X | Zone Exhaust Y | Ch-2 | B-2
| AHU-2 Supply Zone 2 | Zone Exhaust 2 Ch-1 B-1
AHU-1 Supply Zone 1 Zone Exhaust 1

Section View

P

—_— e ——————

| Setpoint Options |

. 1
i Process Details |
: :
| 1

Section View

R (S —

| Setpoint Options |
. 1
i Process Details
! i
1 1

Section View

RN (S —

| Setpoint Options |

. 1
| Process Details |
! i
1 1

Section View

Section View

P

—_— e ——————

| Setpoint Options |

. 1
i Process Details
: :
1 1

e

—_— e ——————

| Setpoint Options |

. 1
i Process Details
: :
| 1

34



How Is this effective is this typical zone-level graphic?

Occupancy Information
Occupancy Command : Unoccr;rpved
Occupancy Sensor Status : On
System Mode Overnide : Auto Mode
Systemn Mode : Occupied

Cooling Valve : Closed Discharge Air Temp : T2.4 *F

)| | @1

Sunprr Fan Command : O

Space Temp : T3.76 *F
= - hermaos | Setting : 72.4) °F

Right click "Auto™ and then choose L B SNl Satting {7243
“Override Fan Command™. If you Actual Temperature 5P : 73,44 *F

choose "Speed” then you must
slect the Fan speed in the white box

2025 BCxA 35



How is this effective is this enhanced zone-level graphic?

Floorplan
View

FCU Table
View

Occupied and Cooling, currently 77"

FCU-2038 |S8°F

A
155°F

HW Plant:
Okay

Chw Plant:
Okay

= with a 74°F Setpoint

Zone Equip
Schedule #2 | Inventories

- Office 2038 ™\

§§§§$§§§$§

a5 G AT g oF M—

N -

44 days since a change in alarm




How is this effective is this enhanced zone-level graphic?

ardiatl [y Occupied and Heating, currently 68°F with a 72°F Setpoint o

VAV-103 82 /" ClassRm 103/103A ™\
= owr BOF b
: : Y |
AHU 2-001: - 7 0¥ :
Okay ‘ s~ L J |
' 60 F :
38 25% open)  Open | ! 50F :
| 265 CFM SP | | :
I =
B I R L

X \ Today /

175%F
I ' 12 days since a change in alarm

HW Plant:
Okay




Building graphics can have endless design variations
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Building Graphics Design Sheets can help

v . . .
‘ Fln;;:“ h:;::h vavore  gnd  vavsao K curmnﬂv wawmt With gvav merse o Setpoint !ﬂ'lnh ¥
VAV-X wwvort 3 Room Type/# ™\
...... BOF b=
; - =——-- |
AHU X: ‘ - | —— 10¥ |
AT, . i
A O 5 e 5L L [
i \ H?? -, EOF i
T e . TN | esueaner-vt| 50 F H
.::‘-r) 40 F
- LPLPPPEPPES .‘G& ;\,‘f !
\ Today J/
HWS-T
H\;N' Plant: vav. s e since a change in alarm
s

* Designer Notes:

Point names: see Points Schedule drawing to match point field names shown.

Ilcon animation: analog or numerical animation at damper and coil point icons

Performance chart: initially configured points, format, and range as shown

Point formatting: apply setpoint deviation at highlighted points, override or configure func-
tionality at blue-font points (see Points Schedule and graphics formatting design sheets for
more detail)

Navigation: as shown in gray outline (seven total “buttons”)

Pop-up detail navigation: as a pop-up subset of navigation, t-stat icon button (see zone tem-
perature control module graphics design sheet)

P L0 D b

oo




How is this effective is this typical zone table graphic?

AHU-1-001 VAV Table

f VAV_1010 Hall west of main entrance | 69.89°F | 760°F | 683°F |  1000% | 127ctm | 125c¢m | 79.3 % i OFF
| VAV_1023 Lab Entry i 74.9°F i 74.0°F i B4.1°F i 0.0 % | 413c¢tm |  s00cm | 66.4 % i OFF
: VAV_1024 Lab i EBA'F | 700 | 578°F | 100.0% | 0ctm | iem | 1000% | OFF

VAV_1026 Office i 72.8°F i 74.0 °F i 80.2°F i M.0% | 228ctm | 8ectm | 100.0% | OFF
vm:m:r Lab i 722 | 740F | 850 | 48.1% | 195ctm |  488cm | 3% i OFF
Reception Area T45°F 74.0°F 80.8 °F 0.0 % 0ctm 189 cfm 88.5% OFF

Office B9AF 0.0 °F 689°F 0.0% ___Blcim 49cim | 33% on

Office i 72.6°F i 74.0°F i 82.2°F i 45.0 % i 56 ctm i 49 cfm | B85.8 % | oft

VAV_1035 Lab i 688 °F | 740°F i 95.0 °F | 38.5% i 0 ctm | wWocm | 457 % | OFF
VAV_1036 Lab i 728°F | 750 °F i 520 °F i 87.0 % i 93 cfm i 93 ctm i B4.0 % i OFF
VAV_1038 Lab 1 &B.TF | 68.0 °F i 559°F | 0.0 % | #87ctm |  49%cm | 50.8 % i OFF
vm_-ﬂmu Lab i T0.8°F | TI0F | nan *F | 1000% | 3%dcfm | 388cm | 241% i off
Lab i 708°F | T4.0°F i nan *F | 1000% | 3Wsctm |  3IMdcm | 6.6% | On

Hall north of main entrance | MOF | 76.0 °F i T44°F | 1000% | 148ctm | 150cim | ME% i OFF

VAV_1110 Reception Area i B9.0°F | 68.0 °F i 56.2 °F i 0.0% | 479c¢tm | 473cim | 66.3 % i of
VAV_1113 Security Office | B95°F | 69.0 °F i 56.8 °F | 0.0% | Mictm | 110cm | 39.9 % | OFF
Office i B45°F | 68.0 °F i 56.3 °F i 0.0% | 509cftm | 74 cfm | 1000% | OFF

VAV_1118 Restrooms | B9AF | 72.0°F i BA5'F | 10w | 0 cfm i 51 cfm | 52.4 % i OFF
\M‘II':HEII Office i 721°F | T3.0°F i 58.4 °F | 0.0% | 0 ctm i 49 ctm i 1% | OFF
WI Office i T33°F T3.0°F 59.1 °F 0.0% 100 cfm 100 ctm 97.8 % OFF
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How is this effective is this enhanced zone table graphic?

AHU 1-001 Floorplan VAV Inventory = VAV Trend

Occupied zones are average 72°F with a 70°F min, 75°F max, and 1 alarm

View View View View
AHU Status: Okay Zone X has been driving the DSP SP reset sequence for ## hours
AHU SAT: 52°F
VAV Zone Occ ' Current | Zone

. CFM Damper RHValve| DAT Include in  Days Since a
Reading Cmmd Cmmd | Reading DSP Reset? Change in Alarm

# Group Status Mode @ Temp

1 Office 1 | Occupied Heating | 71°F 382 CFM | 25% open | 100% open 96°F X _ 12 days
2 ClassRm 1 Unoccupied | B9°F 0% open 0% open 567 X 48 days
3 Office 1 Standby 697 | 120 CFM 12% open 0% open 57°F - 129 days

X Office 2 Occupied Cooling 75°F 575 CFM | 100% open | 0% open 58 X 2 days




Where do we need additional summary tables?

AHU Tables AHU Tables
Status Values
4 ™
AHU | Schedule Operating | minOA Econo Filter Coil Supply | DSPFan Return AHU AHU
# Type Status Flow State Status | Section Air Control Air Power KPI
1 || Office1 Running Reset Free Cooling Clean Ok Ok Reset Ok #1 A
2 | Class Rm 1 Running Design Free Cooling Dirty Not Ok Ok Design Ok #2
3 Office 1 Stopped, Ok | Disabled Disabled Dirty Disabled Disabled Disabled
X Office 2 Running Design Econo + Chiw Clean Ok Ok Design Mot Ok #3 D
AHU Tables } AHU Tables
Status Values
4 14.5 kW
AHU | Schedule  Operating minOA | Econo Filter Coil Supply | DSPFan | Return | AHU AHU
# Type Status Flow State Status Section Air Set Point Air Power KPI
1 | | Officel || 85%/74%SF/RF | 1,080CFM | ‘002 | ooveedier | Mo om=ew | a3s0cim | 08"we | 75°F | 41kw | 0.9 kW per kcrM supply
2 . Class Rm 1 _ 65%,/0% SF/RF . 480 CFM *;?:33 I ::'m g&ﬁ 3,420 CFM 15" we 73°%F 35KW | 1.0KW per kCPM supply
3 ||| Officel |  -f-SF/RF = B -
x | Office2 100%sF | 20s0cem [FERERE o013 | SRUT | 41000 | 17vwe [IBE | 60kw | NS MW e kchMsisely




How Is this effective is this typical zone floor plan graphic?
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How is this effective is this enhanced zone floor plan graphic?
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How is this effective is this enhanced zone floor plan graphic?

Zone Temp H Room Info H Equipment ” Rooftop |

View View View View
/H'F 62°F B60°F 68°F ?U“F; 60°F Ljﬁ'! Eﬂ"r.' 55"]:5 66°%F @ 64%F \
e, 1 T T A

70°F

e W

AHU-2-001 Zone 5 | *F |
eecs im—y
| |
64°F ?lLF
—J )
e = Y M 68°F
67°F [6?°F Eﬂ'FiEB"F 69°F| 65°F ? ? I 65°%  64°F
| | '




How iIs this effectiveis t

nis enhanced zone floor plan graphic?

[ Zone Temp Room Info ] Equipment [ Rooftop
View View View View
/nrl‘ﬁm office Office Office | Office | Office |  Office | Office|  Office | Office
12070 2069 2068 2067 2066 2065 | 2064 2063 2062 2061 | 2060 |
corridor 2000
b=, " one T
2037 . 3": | Storage  lab
- o 2053 2050
i . Office Office 2056 e
2057 !
s 2059 ._ e r
21]3? | ConfRm | 2052 Lab
o, |, 2058 | giomge 2051
z_uiﬁ "D'ﬁt"‘ |; - ! 2“1'2 [
Office 2038 o
mﬂ | _I m? = m‘ ] 4
office  Office —2019 -
2032 12039 E IT Rm Office Break Am
2 — 2014 2013 2011
Office Office | Office = Office
2031 2040 | 2016 2020
Office | Office | Office |  Office
2030 2012‘ 2015 2021 M 1 I,
Corridor 2001
office | ofticel office [oftice! lottice| | office | Office | Office | Office  Office
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How is this effective is this enhanced zone floor plan graphic?

Zone Temp ” Rmmlnfn ] Equipment Rooftop
\ﬁew

» \l
e mw
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How is this effective is this enhanced zone floor plan graphic?




Building Graphics Formatting Sheets can help

i s

Donotapply "

64%F  62°F mi]l 68F ?nﬂrl IJ_ EB‘F]EE“F 66°%F | 6A°F
- -

Occupancy or 70°F
Deviation Formatting

with no design

to the following spaces l E
69°F
69°F

occupancy and low 68°F l
criticality: 67°F 66°F
* Corridors ] : ‘ ‘ \
* Bathrooms 59
« Storage Rooms ) 5% ! J
7% . ‘ , = =
= = T 64 71%F
69°F ‘ - |
s | I
w | |
= " —.] I [ R o ’ l 'j [
68°F
4. [. (i 1.~ - . -
67°F E?'F]; mi-aw EB“F; 65°F - - 65°F  64°F

Weaa ]

Layer 1 - Values (Top)

Display Example: 70°F or 61°F

Font: Bold, min 12pt

Font Color: Black (Normal)
Red (FCU in Alarm)

Precision: 0, Rounded

Units: “®F”

Location: Centered on Zone

Layer 2 — Occupancy Format

Occupied Zone Status:
Fill: None

Unoccupied or Standby:
Fill: Gray & White Crosshatch

Layer 3 — Deviation Format

Relative to Setpoint:
-6% ||- 3% ||+/-3°F|| +3°F || +6°F

{no network
connectivity)
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What about this enhanced HWS graphic?

159°F nwp-1: 68%
5P RESET

ET-1

Hwr3: 75%
:PZ-IWF-Z: ﬁﬂ :F Hwe-a: 0%

A:N:m A._ﬁun &ﬂn &uﬂ

% 47%
B-1 B-2

Bldg 3: Bldg 2: Infill Bldg: Bldg 1:
B-3 B-4

75% 0% Avg Zone: 75°F || avgzone: 72°F || avg zone: 70°F avg Zone: BT°F
100% Min/Max: Min/tax: [B90F] | | min/mtax: [BSTE] || min/max: [657F]
B | | 7% w5 Gu3
Poig HX-2: 28% HX-1: 100%

. . Alarms: Alarms: 2 AHUs: Dk 2 Bldg Pmp: Ok 11 AHUs Ok

Alarms Alarms 5 VAV Box: Ok 9 AHUs: Not Ok DOAS: Ok 4 Recircs: Ok
16 FCUs: Not Ok| 15 VAV Box: Ok 16 FCUs: Ok 17 VAV Box: Not Ok
B Radiators: Ok 28 FCUs: Ok Radiators: Ok 28 FCUs: Not Ok

e

R E LI R PP



What about this enhanced HWS graphic?

;5“225 } Hwe-1: 68% Hwe-3: 75%
iPziwv-z: m §F7pr4: 0%
on on on of
P\ £X A A ‘%
B-1 B-2 Bldg 3: Bldg 2: Infill Bldg: Bldg 1:
B-3 B-4 & € € &
#wg Zone: T5°F || avg zone: 72°F || avg zone: 70°F avg Zone: BT°F
e Lo 100% Min/Max: [65%F] || win/max: [687F] | | min/max: Min/max: [697F]
i AL o e B o
g HX-2: 28% HX-1: 100%
. - . . 2 AHUs: Dk 2 Bldg Pmp: Ok 11 AHUs Ok
Alarms: Alarms: Alarms: Alarms: 5 VAV Box: Ok 9 AHUs: Not Ok DOAS: Ok 4 Recires: Ok
16 FCUs: Not Ok| |15 VAV Box: Ok 16 FCUs: Ok

e

B Radiators: Ok

28 FCus: Ok

Radiators: Ok

17 VAV Box: Not Ok

28 FCUs: Not Dk

{1a97F]

{1227



What about this enhanced HWS graphic?

HWS Leak Detection: eiject aa bt

AP
HWS Alarm Setting
Expansion 5 14.5% 18" w.c.
1
Tank 1 i Caution: 37 w.c. below setting
Smtt e e Emergency: 9% w.c. below setting
Glass Transmitter

K

To System Drain

Description:

The Hot Water System is automatically monitored for leaks through a pressure transmitter attached to the expansion tank ET-1 and
integrated into the Building Controls System. This expansion tank is a bladder-less 1,400-gallon tank located in the Northeast corner of the
utility plant. Since system make-up water is valved off, any leak in the system will result in a ET-1 water level drop. Drops below the caution
or emergency levels configured will result in alarm notifications to plant and controls staff.

To Calibrate:

Leak detection can be calibrated by first draining the tank to the 8" level and equalizing the pressure at the differential pressure transmitter
by opening the valve marked “Shunt Valve”. After one minute for pressure to equalize, close the Shunt Valve and refill the expansion tank
to the original setting (18%). With 6% as the zeroing calibrating level, the refilled 18" level should result in differential pressure reading of
approx. 0.43 psid. Use the following calibration offset to correct this value for the initial 6" level and any otherr calibration required to
result in a conversion to inches of water column that matches the sight glass:

Actual Pressure Reading: 0.43 psid

Calibration Offset: 0.0262 psid




These standard plant graphics are highly scalable

Smaller Building Load Summarics
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Building Graphics Formatting Sheets can help

Equipment Status Formatting

Firing Status Enable Status  Disable Status Alarm Status Pump Status
(BLR-FIRE > 0%) (BLR-ENA =YES)  (BLR-ENA=NO)  (BLR-ALM =YES)  (PMP-S=0ON)

B-X B-X B-X B-X
on Off
. JAVA
Animation: Image: (None) Outline: Fill:
Flame GIF  Gray Flame JPEG Red, Blinking  Yellow/None
Point Text Formatting Format Color Ranges
Critical Info Non-Critical Info  Configuration Temp Setpoint Flow Status
Deviation
OFF Configurable Flow, Supply
Alarms: Overridable 6% | | +3%|  |ine: Solid, Red, 1.5pt
. SP RESET ——— o

: -3% | [+ 6% Flow, Return
' Line: Solid, O , 1.5pt
Font: Font: Font, Fill: +/-3%F ine: Solid, Orange, 1.op
Gray vs Gray vs Blue vs Black {no network No Flow

Red, Bold Black, Bold None vs Purple |_connectivity) | Line: Solid, Black, 1pt




What about equipment gateway graphics?

rl. I Wil
LonWorks Infio from Johnson Confrols E-Link Gateway

Chillad ‘Watear Laaving Temp | 35.0 *H Accumilatad Operating Howrs - B8261.0 N FPhase & Current : 33.0 4
Chilled Water Leaving Temp 3P : 41.0 °F sccumiiated Systam Starts ; 16150 Phass &4 to B voltage : 500.0
Chilled Water Entaring Temp : 41.5 °F Chilled Water Pump Stafus : Running Phaes B Current ; 75.0 4

Cond, Watar Leaving Temp : T2.7 °F Chilled Watar F = waltage - 431.0

Cond. Water Entaring Temp : §5.8 °F Evaporator Saturat EductorSolencid_Status = On {ok] C Current : 75.0 4

Cillier Load : 51.0 3 Condensar Saturatbon Temp : 73.5 °F Phaes C to & waoltag

Parcant Slde Valve @ £1.0 % Ofl Temp - 105.5 °F Educator Solenold Status @ O
Evaporator Pressure - 45.9 pa Dafrerentlal Ol Pressure - §1.9 pa lze Storage Enable Statue ; O
Condensar Prazeurs  131.1 pe Differantial Flltar Prezaure @ 5.2 pa Low Ol Separator Status 1 O

Operating Code - Remote Compressor Motor Status : Running
Operation Code © Mo Mattunciio Ztart 2witch 3tafus ;0
Safaty Code : Ho Malfuncilo Fresze Ralay Status @ O

Cycling Cods | Ho Mafunctio Dischangs Temp - 122.3 *F Ol Ling Sclenald $tatus @ O




Better Gateway?

Boiler Performance:

Lead/Lag Status:
Hand/Off/Auto Status:
Enable Runtime:
Estimated Load:

Cycle Runtime:

Today’s Cycle Count:

) &

180°F

|P To Boiler

160°F
Supply Header |

Runtime: 84 hours I

Saaver 152°F
Brooks

Lead Eioarkica-CE

Auto D o F

63 hours ]

s22meHinp CFCE-750

2 min 15 sec ROAIE o 1290F

10:1 turndown
29 99% rated

Return Header 120°F

e |
from Boiler WIIT'II i.ulli

W

———HWS-T
— HWR-T

A

Wi f

105%

Firing Rate (%)

90%

75%

Total Runtime: 12,085 hours 100%
Total Cycles: 5,785 12am 6am dam 12pm
Estimated Efficiency: 84% average

Boiler Alarms: Alarm| Current Total Alarm | Last Change
# |Alarm Status| History Count| in Alarm

1. High Gas Pressure: gas line pressure switch to prevent combustor overheat/burn-out 1 Ok 0 549 days

2. Low Gas Pressure: gas line pressure switch to prevent burn-out and explosion hazard 2 Ok 1 542 days

3. High Limit Temp: from discharge temp sensor to indicate slow flow or tuning issue 3 Ok 7 205 days

4. Low Water Cutout: return water flow switch to prevent overheat damage/hazard 4 Ok 2 119 days

5. Short-Cycle Alert: notification for energy waste/wear from excessive purge cycles 5 Alarm 119 1 days




L2

al (e

AHU VFD Devices:

kw

[ Supply Fan
0 Return Fan

0

Speed Feedback:

Frequency:

Power:
Energy This Year:

Run Time:

Readiness:
Drive Temperature:
Current:

Voltage:

Minimum Speed:
RF Flow Difference:
Acceleration Time:

Deceleration Time:

SF-1 RF-1
95% 74%

57 Hz 45 Hz
1.2 kw 1.1 kw
3,740 kWh 3,410 kWh
3 hours 3 hours
Ready Ready
181°F 162°F
5.0A 4.6 A
226V 227V
15% 15%

500 CFM
10 seconds 10 seconds
5 seconds 5 seconds

KPI or Fault

0.50 kW/KCFM supply
360 kWh/SF served
12,410 hours total

Clear Faults

System Schedule

Pro




“But | want to see everything” template

pDC SETTING ) HOA |CONFIG. M&CVIEW = TREND
FUNCTION | NAMR DESCRIPTION HARDWARE ID|(WITH UNITS)| TYPE | REQD | TYPE | ANDOVRD | REQD
SF-S SUPPLY FAN STATUS DDC-1 Bl ON cov
RF-S RETURN FAN STATUS DDC-1 Bl ON cov
PROOFS |SA-SMK SUPPLY AIR SMOKE DDC-1 Bl H ~ ~
& RA-SMK RETURN AR SMOKE DDC-1 Bl H ~ ~
SAFETIES [CLG-DA-T-LL |COOLING COIL DISCHARGE TEMP LOW LIMIT SWITCH DDCA1 JA0EGF Bi H ~ ~
SA-P-HL SUPPLY AIR PRESSURE HIGH LIMIT DDC-1 35" w.e, Bl H ~ ~
RST-BUT SYSTEM RESET BUTTON (FOR SAFETIES) DDC-1 Bl ~ ~
BLDG-T BUILDING TEMPERATURE (NIGHT STAT) DDC-1 Al 69°F 15m
BLOG-T-LL  |BUILDING TEMPERATURE LOW LIMIT SETPOINT DDC-1 55 DEG F c 55°F ~
STARTISTOP |SYS-OCC OCCUPANCY INPUT (FROM SYSTEM SCHEDULER) NET-IN oCC 15m
SF-85 SUPPLY FAN START/STOP DDC-1 BO X ON | cov
UNIT STATUS [UNIT STATUS DDC-1 NET-OUT COOL @ «cov
SA-P SUPPLY AIR PRESSURE DDC-2 Al % . Sm
SUPPLY FAN |SA-P-SP SUPPLY AIR PRESSURE SETFOINT DDC-2 0.5-1.5" w.c. C [12"we.| 5m
CAPACITY [SA-P-SP-RT  |SUPPLY AIR PRESSURE SETPOINT RATE OF CHANGE DDC-2  [0.01" we./min c 10.01"w.c. ~
CONTROL [SF-C SUPPLY FAN COMMAND DDC-2 AO X 72% Sm
SF-C-MIN SUPPLY FAN COMMAND MINIMUM DDC-2 25% NET-OUT oc 25% ~




Cognitive loads & system complexity have increased an already messy workflow

N complexity: new N complexity: more
energy standards : building services
-
: . Q %) -
™ complexity: multi- f;\% /)\5‘(‘ N complexity: more
7

disciplinary needs & QQ’ C’C‘,( building data
T complexity: more Situation Awareness

to map & navigate
The Facility Technology Stack

LIFECYCLE
/ = display > Al/ML \

T complexity: extra ¢ <
operator roles & tasks % Q/@ N complexity: sy
@ oR . Cognltlve @ see+ - understand + @ anticipate
more automation
N complexity: more
history data to interpret T complexity:
ﬁ. " _ : TFT R
o / Control e& ¥ manual » digital \
-0 —
.95\
& T 1

&
N 1 complexity

(ox . ==
@, ' /Physical \0 sensors — big data \
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Pilot effort show that these approaches to building graphics help

Current Control Mode : Mode 5 | chiller 1 LDQ? ‘LQ 1fhiller2 Logs

Controi Mode O\rerr:d& Auta

Le\rei : Qf.g im‘wc:

"—‘l
‘_[ Close to PCHW
1., : -3
fa ‘ vk *{

Fle

o T
I

|
VFD FB:0.4% I-* I

' Open to PCHW ? :
Open to PCHW _ | PSR, | 402°F === |
- - G ik -I ——

Mode 1,2,3,5: Mode 5 5. ' Sl E

. ta : [ CH2
Mode 1,2,3,5 : Mode 0 1 i —— |
15-May-17 4:30 PM CDT - : |

Mode 4 : Off
Mode 4:0n

15-May-17 10:00 PM COT




Best Practice 1. Define roles, tasks, and usability testing requirements
Building Graphics Level

Group/Personas | Description

Examples Positions

Building Interface
Activities

Occupant

Technician
buildings

Specialist

Manager

Leader
buildings

2025

Conducts missions or activities
using individual spaces or
space sets of a building

Proactively and reactively
maintains specific systems of

Provides specific functional
expertise to improve lifecycle
decisions for buildings

Oversees or directs building-
level resources (money, labor,
energy, water, or space)

Establishes or oversees
portfolio-level resources for

Any user or tenant physically
occupying portions of a building’s
interior

HVAC, Controls, or O&M
Technician

Engineer, Controls Specialist,
REM, ESCO, Contracting Office,
QAR, Designer, Analyst, Cyber,
Operator, Researcher, Contractor

Building/Space Manager, Energy
Manager, O&M Chief, Master
Planner, DPW, Project Manager

Garrison staff, ID-level, AMC or
IMCOM G4, MDEP Mgr, DCS G-9,
OASA(IE&E) or OASD(EI&E)

BCxA

Adjust energy-related behavior
based on manager direction or
building feedback and report
failed or failing conditions

Conduct repair, replacement, ()()
and troubleshooting of system
components based on manager
direction or building feedback

Helps understand, implement, ()()
or optimize building operations
through expert use of building
information and practices

Allocates staffing, funding, and ()()
decision-making; reports

operations data using building
dashboard or report summaries

Adjusts policy or PPBE requests X
by understands building lifecycle
themes using dashboard and
manager info

(X) X

(X) (X) (X) (X)

(X)

62



Best Practice 2: Stick to building graphics design principles

.5 1. Structure Holistically Comprehensive system views that respect order of connection and spatial-functional relationships
g 2. Practice Minimalism Simplified icons, menus, backgrounds, labeling, and precision to emphasize data and insights
S 3. Order Like Facets Visual tidiness through non-arbitrary object grouping, alignment, and sizing for rapid understanding
N 4. Format Purposefully | Consistent minimalistic formatting with color limitations that keep overall displays digestible
§ 5. Layer Proportionately Display levels and elements that emphasize information in proper relation to its likely value
- 6. Link Multi-directionally Intuitive means of navigating up, down, and across the system-of-systems control hierarchy
7. Simplify Conditions Visual analysis with summary status beyond raw component-level data
g 8. Construct Insights Meaningful metrics, charts, and diagnostics summaries with clear performance context
('>U 9. Aim to Teach Graphics that help people understand their systems as evergreen knowledge management tools
10. Build to Replicate Scalable and flexible graphics deployments built to maintained with templates and relative paths




Best Practice 3: Be specific about building graphics in procurement

1. Identify who will determine the Graphics Design:

A. Use existing organizational standard

B. HVAC Controls Designer will create

C. Controls Contractor will create
2. Design Building Graphics using Guiding Principles as Criteria
3. Provide Shop Drawings, PVT/QC, Usabillity Tests & Training

2025 BCxA 64



Hierarchy of

Where does your want your building need to be?
Building
Control

Maximize your impacts
Sy S t e m optimiZEd = prescriptive analytics  » true Key Performance Indicators
* Single Pane of Glass = data and Al-driven decision-making

Achieve reliable usage and results
* high usage & availability = data fidelity protections
* enhanced interfaces * organizational standards
Scale impacts across networks and processes
Integ ratEd » front-end integration  * workflow integration
« stakeholder usage = controls master planning

rnvide foundational protections

* physically secure  # cyber secure
» key staffing » critical processes

: Meet basic needs
F un Cth na I = functioning sequences + sufficient points
= device power & access = open protocols

2025 BCxA




Army Tech Report Syst Diag Engr Reg

Part | = The Sysiem Disgram Concept

TR - WRAAT B A VLTI DRASRARA P

[RDCACERL TR-24-10

nnnnnn

Construction Engineering

Research Laboratory

a‘,'.-f/.f

p KPESE o
é;rk@usai,atmy.mll

54'

2026 ASHR A= JournaL

Fault Detection & Diagnostics:
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Task Execution

"I'm going to give vou a series of
questions abour building
performance...5-10 min

Systom View | Algrin | Irventory | Performaonce | Alesources |

Thia AHLU is operating in free cooling mode with minor issues

ed... H'i”'f_ﬂﬂ fe across

screens...please think alowd ™

=

N

4

#l "how is this building performing

E
compared to... "
#2 “which equipment has
problems..."
I

#3 “how many ...in the past...” i
#4 “under what conditions .., ” :
- T e
#3 "where should we priorifize =
attention... " j
212 “write @ hrief summary... " -



