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Engineering

The process of devising a system,
component, or process to meet desired
needs. It Is a decision-making process
(often iterative) in which the basic
sciences, mathematics, and engineering
sciences are applied to convert resources
optimally to meet a stated objective

— Accreditation Board for Engineering and Technology
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Systems Engineering  gepomesnmsser

Systems Engineering is an interdisciplinary
approach and means to enable the
realization of successful systems. It
focuses on defining customer needs and
required functionality early in the
development cycle, documenting
requirements, then proceeding with design
synthesis and system validation while
considering the complete problem:

*Operations *Manufacturing *Training
Performance «Cost *Support
*Test «Schedule *Disposal



: - INCOSE
Sys te m S E n g I n e e rl n g International Council on Systems

Engineering

« Systems Engineering integrates all the
disciplines and specialty groups into a
team effort forming a structured
development process that proceeds from
concept 10 production 1o operation

« Systems Engineering considers both the
business and the technical needs|of all
customers with the goal of providing a
guality product that meets the user
needs.




Engineering Systems &
Systems Engineering

ESD mission: To establish Engineering
Systems as a field of study focusing on complex
engineered systems and products viewed in a
broad human, social and industrial context. Use

the new knowledge gained to improve
engineering education and practice.
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Engineering systems in Biology
Engineering Bio-systems

o &4 B ¥ Controlled Environment Agriculture

— 48 4= 1 J Plant Factory
* Thermally insulated wall / roof / floor
* Artificial light
* Multi-layer bench
* Water/Nutrient recirculating
* Aero & Root Environmental control
* Automation



Engineering Bio-systems



History of Systems Engineering

Engineering has a long history

Systems Engineering seems to be a more
recent phenomenon

Strongly related to management

Post WWII government-funded projects
played a major role in defining SE



System Engineering implemented:
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* A prime example of scalable architecture

 New trends iIn management of big projects
— Flatter - Less centralized - Meritocratic

* Do these trends work for other systems?



System Engineering Implemented in FPDS

Customer
Musts / Wants

Customer Focus Customer
Customer Experience & Feedback Satisfaction

N /

Wehicle Level Inputs c Purchase,
Corporate & Pyrchase / owner [ operator ustomer .
Knﬂrﬁmﬂge |« Regulatory (FMVSS, EPA, ) R . n - Dper;_]te . Disposal
« Comorate (WCR, ABS, Manuf, equirements & Maintain

= Generc VDS & Requirements \ \\ FE‘ES'b|I|t‘_‘}' /

sSDsS Cascades Feedback
= Competitive 3 . )

Vehicle Level Requirements Wehicle :

Benchmark - * Vehicle Attributes q DVM / DVP Verification Production

Data « Vehicle System Specification - VDS
= Reusability

Constraints & Requirements Feasibility A

Data Cascade Feedback
= Product

Knowledge System / Subsystem Level ) System

I « System & DLMIDVF‘} ' )
- Subs Design Specifications - SDS Verfication

= Manufacturing . ystem Design Spec ons -

Knowledge &

Reusability Requirements Feasibility
= Technology Cascade Feedhack
= \Warranty Data Part / Component Fahm_:atiup !

- Verification
= Models Part / Component Design
= Component Design Specification - CDS

<«—| Highly lerative | ——®» <«— Mostly serial |—»

S—

Adapted from Ford Motor Company.




History of Bio-systems Engineering
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ALSS: Advanced Life Support System
BLSS: Bio-regenerative Life SS
CELSS: Controlled Ecological Life SS
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CEA m#

* Controlled Environment Ag/Ag/Ap
— Ag: Agriculture
« CEPPS: Plant Production System ¥ i7it4 & & % 5t
* CEAPS: Animal Production System B =% 4 & #& & it
— Ag: Aquaculture %K % 7
— Ap: Aquaponic 4§ & & 78



Controlled Ecological Ag/Ag/Ap
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a microalgae-based
recirculating oyster and shrimp system

Tahle 1
Estimated system production

Tank number  Number of shrimp Average shomp weight (g) Shnmp homass (kg Daly shnmp teed (kg Daily algas producton (kg
I L0000 2 200 3 24
2 9 524 4 348 5 4
3 97070 5 4142 7 5.6
95 637 7 631 9 [
: 9 125 B Ty 11 8.8
il YIRS 10 By 13 10.4
7 91 46 11 124 15 12
E w114 13 1147 17 13.6
9 B TE4 14 1 26 14 15.2
] E7474 16 1352 2] 6.8
11 B 183 17 1494 22 17.6
12 B4 911 14 Lz 24 19.2
13 E1657 20 1 76 26 2.5
14 B2423 E} 107 27 1.6
13 E1 206 L] 1405 24 232
16 B0 007 25 2} 3 24
Sub-Total I § 668 280 1M
5 % WEpE S 18668 kg thiE &+ fk Hc
= 5 )3 g mig—i- + B BLE
PN 2 v 2 -2
=+ ¥ ¥ {2 & 2000 kg g +
A r /2 N )
=+ X £k 46 280 kg cepsfid
P 4 IS ol I
| 224 kg g 5E
& X # I 224 kg cE 5
A= r / ';L’ » AL r /2
| 112 kg = 3> 700 kg £
= X A 4 112 kg enftdg g o Ap g 3T 7 g
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Qualitative / Quantitative
Evaluation of Performance




Evaluation of Performance

* Qualitative 1s OK but not accepted for
engineering tasks

* Quantitative 1s better
—KPI such as COP, EER, VER, RU]

(L]



Evolution of Gas Turbine
Engine Performance

Cruise thrust
specific fuel
consumption

Ib fuel’hr
Ib thrust

1.05
1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
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Adapted from Koff, B. L. "Spanning the World Through Jet Propulsion.” AIAA Littlewood Lecture. 1991.




Evaluation of performance of
artificial lights

Lighting efficiency : Im/W & 3 & 2 &y P!

e R
— Im/ft? : candle &k

— Im/m?: lux #* s 27
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Comp_Spec

Power

. Reflectors  No. of tubes PPF* PPF x Area : Efficiency,
of Light on top or panels umol m2st  (umol s*) consumption, mol J!
sources W
S_CWIL.8 Y 6 Tubes 334.9 + 86.6 723.4 172.97 4.2
T_V Y 9 tubes 281.6+59.4 608.4 195 3.1
H_CW Y 9 tubes 27391798 73.9 212 3.1
T_A Y 9 tubes 225.8 £49.1 487.8 189 2.6
E_CW Y 9 tubes 263.8 £ 64.2 569.8 228 2.5
T A no need 12 panels 411.5+1103.2 888.9 4372 2.1
TN Y 9 tubes 186.7 £39.3 403.2 196 2.1
E_WW Y 9 tubes 210.8*51.0 455.3 229 2.0
TN no need 12 panels 37841954 809.6 428 1.9
T M Y 9 tubes 168.0 £39.1 326.9 193 1.9
T M no need 12 panels 387.3199.4 836.5 447 1.9
TY Y 9 tubes 168.3 £ 34.7 363.5 188 1.9
S R no need 12 panels 291.0x71.3 628.6 334 1.9
TSFL_CW Y 9 tubes 250.0 £ 57.5 540 283 1.9

* Measured at 10 cm distance under light except the T5FL treatment (at 20 cm distance)

** Area of culture Bed on bench per layer =1.8 mx1.2m=2.16 m?



Profit from production

* Profit = Revenue - Cost
 What s missing?

— Time 1mvolved

— Space occupied

— Cost breakdown 1nto details
* Depreciation counted?

* A better KPI in plant production:
$/(week*m?)
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Engineering

Bring engineering to life

3

L

Bring life to engineering

Life
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Bio-mechatronics
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An example on
‘parallel 1nstallation of compressors’

7 4 Blo-mimicry









An example on
‘parallel distribution of pipes’

7 4 Blo-mimicry
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An example on
‘3 head pipes for even distribution’

7 4 Blo-mimicry















3 head pipes



A biomimicry example on
‘oxygen/heat exchange’

7 24 Blo-mimicry
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A biomimicry example on
‘accumulator vessel’
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Incoming water Supply
Header Tank

High Pressure Float Valve
Water Flow

Venturi Feed Connectors
One Way Valves

4mm i.d Grommets
Nutrient Containers
In-Line Filter

Diaphragm Pump
Accumulator Vessel
Water Outlet
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P-h Diagram

BMPRER  HHHE K

ZR¥E Subcooling

&% Condenser

Expansion

Evaporator
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H - &_ Phytomation ?

d ER2IEE2 2= (Protected cultivation)
# B 5| BEBEMEERTE (Controlled

Environment Plant Production Systems )
AT - % ﬁvi;irgbir%{l’hytomatiﬁn



From Protected Cultivation

to Controlled Environment Plant Production Systems Phytomation
to Phytomation
* Protected cultivation
** Controlled Environment ACESys
Plant Production Systems Environment
Friendliness
NJ-NSCORT
for ALSS
Applied
, Intelligence
Growing Phyto-
Systems remediation
Operations
, Research
Production "
Environment* CEPPS
Greenhouse
Structures




Phytomation
Research &
Development

Knowledge
~ | Based Systems

ACE_SYS: Controlled Environment NJ-NSCORT for Phytoremediation
Automation-Culture- Plant Production Bioregenerative
Environment Oriented Systems Life Support
Systems Analysis Systems
I
I I I I I I
A Applied Operations E Structures Growing E Production Environmental
Intelligence v Research C Systems Environment £ Friendliness
I
I I
Machine Production Plant Hardware Sensing & Insect
B Vision | Planning Instrumentation| | | Screening
Robotics Engineering DAS & Resource
Economics Microclimate | [ Plant Control Recycling
Support
Flexible Decision Modeling Discharge
| Workcell Support || Substrate u Plant | ~| Minimization
Transport
Mechatronics - — Energy
— & Cybermation o Nutrient || Mechanization| ] Systems
Delivery




Automation-Culture-Environment-Systems
(ACESys) Oriented Approach to Phytomation

AUTOMATION: Machine
Capabilities of Perception;
Reasoning & Learning;

Communication; and Task
Planning & Execution

Automation
and
Environment

Automation
and Culture

SYSTEMS: Studies,
Analysis, and Integration for
overall Technical
Workability, Economic
Viability, Energy Efficiency,
Ecological Harmony, Social
& Political Issues,
Optimization, and
Management

Culture and
Environment




Concept of
Automation-Culture-Environment Oriented Systems
Analysis (ACESYS)

Components and Processes of Controlled
Environment Bio-Production Systems may be
categorized into three classes: (K.C. Ting, 1994)

« Automation — machine capabilities of information
processing and physical work (including perception,
reasoning/learning, communication, and task
planning/execution)

« Culture — factors and practices that can directly describe
and/or modify the growth and development of biological
objects (e.g. morphological and physiological conditions, as
well as cultural tasks including multiplication, nutrient
delivery, disease prevention, harvesting, etc.)

* Environment — surroundings of biological objects
(including climatic, nutritional, structural, and mechanical
conditions)




Autormation

Information Processing & Task
Execution, e.g.

* Perception

» Reasoning / Learning

« Communication

« Task Planning & Execution



Culture

Factors and Practices which can Describe
and/or Modify Growth and Development
of Biological Objects, e.g.

* Plant Support & Operations
* Nutrient Distribution

* Micro-Environment

« Contained Root Zone
 Root Aeration



Environment

The Surrounding of Biological
Objects, e.q.

+ Radiative, Thermal
 Gaseous, Liquid
* Physical, Chemical, Biological



ACESys

System
I
Automation Culture Environment

Perception Reasoning Plant Support Contained Radiative Thermal

& Learning & Operations Root Zone

Communication Task Planning Nutrient Root Gaseous Liquid
& Execution Distribution Aeration
Micro- _ Nutritional Physical
Environment

Chemical Biological




Application of ACESYS to Phytomation Systems (i.e. using
ACESYS to describe and implement Phytomation systems)

Applications (A) (B) (C) (D)
Protected Green- |Controlled Other Plant
Cultivation h Envir. Plant | Based
Technologies OuSeE Production Engineering
Systems Systems
Automation \
Culture Strategy for Plant factory for

Environment

Systems

artificial lighting in

Single Truss

Tomato Cropping

System

(Ting, Fang, et al.)

Implementation

Phalaenopsis young
plant production

(Fang)

PF in NTU (Fang)

\

Greenhouse

. Cooling / Heating |
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Applications
Single Truss Tomato Cropping System

Technologies

Automation « Artificial lighting

Fan & Pad, Ebb & Flood, Chiller
Culture <«  Cultural practice

Varieties
Environment +»  Local weather, Indoor environment,

Structure, walls

Light quantity, quality,
Air T, RH, CO,,

Water T, DO, EC,pH, etc.

Systems +»  Engineering economic analysis,
Number of crops per year, other DSS




Applications

GH_cooling / heating

Technologies

Automation +»  Control system: hardware/software
Various means to cool / heat the GH

Culture % Cultural practice

Environment +»  Local weather, Indoor environment,
Structure, walls

Light quantity, quality,

Air T, RH, CO,,

Water T, DO, EC,pH, etc.

Systems +»  Engineering economic analysis,
Risk analysis, other DSS




Applications

Technologies

Plant Factory of Phalaenopsis

Controlled Environment Plant Production Systems

Automation Moving light, Multi-layer benches
Fan & Pad, Ebb & Flood, Chiller
Culture 12 cm leaf span young Phalaenopsis

Flower forcing of 30 cm leaf span young
Phalaenopsis

Environment

Local weather, Indoor environment,
Structure, walls

Light quantity, quality,

Air T, RH, CO,,

Water T, DO, EC,pH, etc.

Systems

Engineering economic analysis,
Risk analysis, other DSS




Applications

Technologies

Plant Factory in NTU

Controlled Environment Plant Production Systems

Automation Acrtificial light, Multi-layer benches
Environmental control, Fertigation
Nondestructive quality/nutrient detection
Culture Leafy greens

Environment

Structure, walls

Light intensity, quality, duration
Air T, Wind speed, RH, CO,,
Water T, DO, EC, pH, etc.

Systems

Engineering economic analysis,
Growth model, other Decision Support System







ACE-=S approach
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Power Conditioher

Grid-tie

Energy Inverter
Managemsant Broadband
| Lnit Rowtar
Powiarline
1 Grid-tie
Tank Inverter

4 Cold side
Solar cell

280 3¢

[ ] AR B iR E

I I

=4 3 ! 1

e 1 Grid-tie I

T T ! Inverter I

»— | 1

g s Solar cell Fuel Cell " I
A _ Hot side

~— -®_7 B TS + ‘ Combine ! !

I 1| 2| 3 | three TEC modules

3RT W =0 KK 4% — by series connection 1 I

Cold side ¥ | - . .

R | bi-direction |

< 1 Grid-tie Invertey
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Computer Aided
Systems Engineering
C.AS.E.
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Mindset (i &)

1 #2 % 7 (Engineering Economic)
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