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Background and Rationale 

• Eng i n ee r i n g  d r a w i ng s  a nd  m o d e l s  a r e  e s s en t i a l  f o r  c o m m un i ca t i n g  d e t a i l e d  d e s i g n s  a c r o s s  t h e  i n d u s t r y .

• Ma nua l  CA D  QA  c he c k s  a r e  s l o w ,  i n c o n s i s t e n t ,  a nd  p r o ne  t o  hum a n  e r r o r ,  c a u s i n g  d e l a y s  i n  e ng i n e e r i n g  wo r k f l o ws  a nd  p r o j e c t  

d e l i v e r y .

• Eng i n ee r i n g  o r g a n i s a t i on s  s t r ug g l e  t o  ma i n t a i n  d r a f t i n g  s t a nd a r d  c o mp l i a n ce  und e r  ma nua l  QA  p r o c e s s e s .

• Ex i s t i n g  QA  t o o l s  a u t o m a te  s o m e  c he c k s  b u t  d o  no t  f u l l y  v a l i d a t e  e ng i n e e r i n g  r u l e s  o r  i n d u s t r y  s t a nd a r d s .

• S eve r a l  s t ud i e s  e x p l o r e  CA D  s t a nd a r d s  a nd  B IM  va l i d a t i o n ,  b u t  l i m i t e d  r e s e a r c h  e x i s t s  o n  f u l l y  a u t o m a t ed  QA  f o r  e ng i n e e r i n g  

d r a w i ng s  a nd  m o d e l s .

• Cu r r en t  s o l u t i o n s  f o c u s  m a i n l y  o n  g eo m e t r y  o r  m e t a d a t a  r a t h e r  t h a n  r u l e - b a s ed  v a l i d a t i o n  c he c k s  o r  e ng i n e e r i n g  c o n s t r a i n t s .

• A s  a  r e su l t ,  o r g a n i s a t i o n s  l a c k  a u t o ma t ed  s y s t ems  t h a t  c a n  r e l i a b l y  d e t e c t  q ua l i t y  i s s ue s  w i t ho u t  ma nua l  i n p u t .

• T h i s  p r o j e c t  a d d r e s s e s  t h e s e  p r o b l em s  b y  e x p l o r i n g  a u t o m a t ed ,  r u l e - b a s ed  QA  t o o l s  t o  i m p r o ve  t h e  q ua l i t y  a nd  c o n s i s t e n c y  o f  

e ng i n e e r i n g  d e s i g n s .

• T he  i d en t i f i e d  g a p  i n f o r m s  t h e  r e s e a r c h  q ue s t i o n ,  p r o m p t i n g  a n  i n v e s t i g a t i o n  i n t o  whe t he r  a u t o m a t ed  s y s t em s  c a n  i m p r o ve  

c o n s i s t e n c y ,  r e l i a b i l i t y ,  a nd  e f f i c i e n c y  c o m p a r ed  w i t h  m a nua l  p r a c t i c e s .
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Literature Review Summary 

• Increas ing  complex i ty  o f  eng ineer ing  de l iverab les  requ i re  fas ter  deve lopment  cyc les ,  

re l i ab le  and  robust  d ig i ta l  va l ida t ion  techn iques

• Common issues  such  as  poor  des ign  qua l i ty ,  ine f f i c iency  and  human error  can  lead  to  an 

inc rease  in  t ime,  cos ts  and  resources ,  po tent ia l  rework  and  ex tended  de l i ve ry  t imes

• Incons is tent  app l i ca t ion  o f  CAD/BIM s tandards  to  work  packages  

• S low and  er ror -prone manua l  check ing  processes

• Ex is t ing  QA procedures  are  d i f f i cu l t  to  sca le  due  to  them be ing  heav i l y  re l i ant  on human 

input  and  manua l  updates

• Poor ly  su i ted  to  mu l t id is c ip l inary  p ro jec ts  that  invo lve  var ious  too ls  and  data  fo rmats

• Automat ion  methods  targeted  a t  CAD qua l i ty  assurance  and  compl iance  improve qua l i ty

• Automated  ru le -based  systems  improve  the  cons is tency  o f  s tandards ,  reduce  human error  

and  support  c reat ing  sca lab le  QA too ls

• Research Gap:  Rule based systems can support  teams in improving cons istency  and 

compl iance with automated standards  and qual i ty  assurance checks ,  a l lowing the team 

to  produce  re l iable ,  ef f i c ient  and standardized CAD drawings and models



Aim and Objectives

The  pro jec t  a ims to  des ign,  deve lop ,  and  eva luate  an 

o f f l ine ,  ru le -based  CAD qua l i ty -assurance  too l  capab le  o f  

automat ica l ly  va l idat ing  c iv i l  eng ineer ing  drawings  

aga inst  o rgan isat iona l  d ra f t ing  s tandards.  

Objec t ives :  

• Invest igate  current  CAD QA processes  used  wi th in  c iv i l  

eng ineer ing 

• Rev iew academic  and  indust r ia l  research  on 

eng ineer ing QA,  CAD standards  and work f low 

automat ion

• Des ign a  ru le -based  va l idat ion  arch i tec ture  for  CAD 

draw ing and  mode l  assessment

• Deve lop  a  py thon pro totype  to  ana lyses  DXF  f i l es

• Implement  va l idat ion  ru les  for  common draf t ing  

s tandards 

• Genera te au tomated  QA reports  fo r  users  

• Eva luate per fo rmance  compared  manual  p rocesses  



Success Criteria 

• Track  pro jec t  progress  and  support  eva luat ion by 

assess ing 

• Measurab le  ind icators  for  the  deve loper  to  focus  on the 

techn ica l  per formance ,  funct iona l i t y ,  re l i ab i l i ty  and 

usab i l i ty  o f  the  QA too l  

• Too l  co r rect ly  iden t i f ie s  ru le  v io la t ions

• Process ing  t ime  s ign i f i cant ly  fas te r  than manua l  QA

• Cons is tent  resu l ts  ac ross  repeated  runs

• Pos i t ive  feedback  f rom techn ic ians

• C lear ,  readab le  QA report

• Prototype  s tab le  enough fo r  eva luat ion tes t ing

The  success  c r i ter ia  focus  on funct iona l  accuracy ,  s tandard  

compl iance ,  usab i l i ty ,  techn ica l  per formance  and  user  

feedback  and  the p ro jec t  w i l l  be  deemed success fu l  once 

the  spec i f i ed  ta rgets  have  been  ach ieved .  

Minimal Viable Project 

• To  deve lop  a  sys tem that  demonstra tes  the  CAD qua l i ty  

assurance too l ' s  co re  va lues .  

• Creat ing a  work ing pro totype wh ich can  load  CAD f i l es ,  

va l ida t ion checks ,  and  produce a  ou tputs  that  h igh l ights  

de tec ted QA i s sues  to  the  user .  

• Ensure that  the  p ro jec t ' s  a im remains  ach ievab le  w i th in  

the  p ro jec t  t ime l ine  w i th  t ime and  resources  ava i lab le  

• Prov id ing a  foundat ion fo r  the  QA too l

• Of f l ine  Py thon-based CAD QA too l

• DXF pars ing us ing ezdx f

• Core ru le -based  va l ida t ion ( tex t  he ight ,  l ayers ,  l i ne  

types)

• Pass/ fa i l  report ing

• S imp le  UI  fo r  f i l e  se lec t ion and  ru le  execut ion

• Exportab le  QA report

Minimal Viable Project and Success Criteria



PHILOSOPHES 

• Pos i t iv ism, p ragmat ism and  

i n te rpre t iv ism w i l l  ensure  that  

techn ica l  i s sues  w i th in  cur rent 

eng ineer ing work f lows  are  care fu l ly  

cons idered.

• These  ph i losoph ies  support  

rev iewing suggest ions  f rom user  

f eedback  sess ions  dur ing pro totype 

deve lopment .

• They  he lp  ident i fy  repet i t ive  QA 

er rors  and  understand the  impac ts  

on  the  user .

• They  ensure  su i tab le  improvements  

can  be  made to  support  va l ida t ion 

checks  and  compl iance  o f  

eng ineer ing mode ls .

METHODS 

• Both qua l i tat i ve  and  quant i tat ive  

methods w i l l  be  emp loyed  to  co l l ec t  

data  be fo re  the  p ro totype  

deve lopment  s tages.

• Th is  approach ensures  su f f i c ient  

deta i l  i s  ava i lab le  to  support  p ro jec t  

de l i ve ry  th rough feedback ,  

eva luat ions  and  tes t ing o f  ex i s t ing 

methods.

• Qua l i ta t ive  and  quant i ta t ive  data  

co l l ec t ion techn iques  w i l l  be  u t i l i sed  

to  assess  ex i s t ing work f lows  and  

in fo rm pro totype  tes t ing.

• St ra teg ies  such as  so f tware  

deve lopment ,  su rvey research and  

exper imenta t ion w i l l  be  adopted  on  

th i s  p ro jec t  to  support  the  

imp lementa t ion o f  the  ru le -based  

CAD QA too l .

• Co l lec t ing  feedback  f rom var ious  

techn ic ians  and  eng ineers  w i l l  

support  unders tand ing the  cu r rent  

cha l lenges  w i th  ex i s t ing work f lows ,  

s tandard  imp lementat ion and  

comp l iance .

• Feedback  w i l l  p rov ide  examp les  o f  

des ign cons idera t ions  to  rev iew 

dur ing tes t ing  to  assess  the  

accuracy ,  cons i s tency and  

per fo rmance o f  the  too l .

STRATEGIES

Research Methodology



QUALITATIVE METHODS 

• Interviews

• Observations of current working 

practices and QA procedures 

• Technical Document Analysis of 

BEPs and CAD Standards 

• User Experience Feedback 

• Expert Heuristic Evaluation  

QUANTITATIVE METHODS 

• Surveys

• Error Frequency Analysis  

System

• Performance Metrics

• Experimental Testing of 

Validation Rules 

Research Methods 



Intended User 

Group 

• User group: highway engineers and 

technicians who produce drawings and 

carry out manual QA checks.

• Feedback from intended users wil l  guide 

validation rules and system design to al ign 

with qual ity check requirements.

• After prototype approval by the highways 

team, the tool may be shared with wider 

teams to support CAD standards and QA 

compliance across the organisation.

• Wider rol lout wil l  provide additional user 

feedback to inform future development, 

including discipl ine-specif ic val idation rules.



Technical Approach and System Design 

STORYBOARD ARCHITECTURE 

DIAGRAM

RULE LOGIC 

FLOWCHARTS

USER INTERFACE 

DESIGN

• The project’s technical approach is to build a working prototype that automatically checks engineering drawings and models using 
predefined validation rules.

• The system will manage file input, rule processing, validation checks and output generation.
• The design aims to ensure the prototype is easy to maintain, expand and meets minimum project requirements.
• The system design process includes creating storyboards, architecture diagrams, validation rule flowcharts and user interface designs.
• These design artefacts visually represent how the QA tool works and show how data flows through the system as users interact with it.



UX Storyboard Flowchart  



UX Storyboard

• The UX storyboard shows the 
typical workflow a technician or 
engineer follows when using the 
CAD QA tool.

• It maps the sequence of user 
actions: loading a drawing or 
model, running validation rules, 
reviewing compliance issues, 
and applying corrective changes.

• The storyboard demonstrates 
how the system supports QA 
compliance and ensures the 
prototype aligns with real user 
workflows.

• It highlights where clear 
feedback and simple navigation 
are essential for effective user 
adoption. 



Architecture 

Diagram  

• The arch i tec ture d iagram prov ides  an  overv iew 

o f  the  sys tem s t ructure and  the  re la t ionsh ips  

be tween co re components .

• I t  shows how the  user  in te r face in te racts  w i th  

process ing and va l idat ion features  to  generate  

outputs  that  he lp  users  co r rec t  CAD draw ings 

and  mode ls .

• The d iagram i l lus t ra tes  a  modular  des ign 

approach,  a l lowing components  to  be  deve loped ,  

tes ted  and improved separate ly  to  support  

pro totype  deve lopment .

• I t  h igh l ights  how data  f lows  th rough the  sys tem,  

support ing sca lab i l i ty  and  enab l ing fu ture  

improvements .



Validation Rule  

Flowcharts

• The va l idat ion ru le  f lowchar ts exp la in the 

dec is ion-making processes  used to eva luate CAD 

drawing e lements  aga inst  organ isat iona l  s tandards.

• Each f lowchar t  represents a  spec i f i c  va l idat ion ru le  

that  addresses  common changes made to mode ls  or  

drawings a f ter  rev iews.

• The d iagrams show how the ru le -process ing engine 

in terprets  drawing and mode l  data  and app l ies  

cond i t iona l  log ic  to  determine compl iance.

• They suppor t  t ransparency and mainta inabi l i ty,  

making i t  eas ier  to  expand the ru le  set  in  fu ture 

i terat ions  of  the  too l .



User Interface Design    

• The user interface design shows how 

val idation results are presented clearly and 

accessibly.

• The interface emphasises readabi l ity by 

highl ighting detected issues with descriptions 

and colour indicators for passed checks, 

fa i led checks and warnings.

• The designs support quick decision-making 

during QA processes and help ensure the 

output meets user expectations.



Data Collection 

and Analysis Interviews

Surveys

Observations

Technical Evaluation

Expert Evaluation

• The project uses qualitative and quantitative 
methods to understand current CAD QA practices 
and evaluate the prototype.

• Interviews, surveys and observations provide insight 
into workflows, drafting errors, user experience and 
manual QA checks.

• Technical evaluation uses draft engineering drawings 
processed through a Python 3.14 prototype with the 
ezdxf 1.3.x library to ensure replicability and 
compatibility.

• Expert evaluation from senior technicians and 
engineers assesses the clarity and relevance of 
validation outputs.

• Quantitative performance measures (processing 
time, issues detected, consistency) help judge the 
tool’s effectiveness.

• Combining qualitative feedback and quantitative 
results provides a balanced assessment of the 
prototype’s accuracy, usability and alignment with 
real-world QA needs.



Project Planning and Resources 

Time: September 2026 → July 2027 to cover all 

project stages 

Budget: No financial budget required. Only 

existing tools and software licences

Resources: Laptop, Python, ezdxf, AutoCAD, 

Microsoft Office for coding, processing, 

documentation and analysis 



Project Milestones
1. Project Proposal Submitted → Deadline September 2026
2. Core System Developed → Deadline March 2027
3. Testing Phase Completed → Deadline April 2027
4. User Feedback Collected → Deadline May 2027
5. Final Application Completed → Deadline June 2027
6. Dissertation Submitted → Deadline July 2027 

  



Impact and 

Limitations 
Limitations 

- Data dependency may affect how reliably the tool performs across different 

projects or disciplines.

- Computational cost could increase with larger or more complex models.

- Robustness and interpretability of automated checks may vary depending on 

rule complexity.

- Training instability highlights challenges in scaling and refining an automated 

assurance tool.

Impact 

- Reduces time spent manually reviewing plans and models, improving 

workflow efficiency.

- Supports more consistent adherence to drafting and QA standards.

- Produces more accurate and reliable engineering deliverables across the 

organisation.

- Strengthens overall quality assurance by increasing attention to validation 

checks.



Further Developments  

Once  a  work ing  pro to type  i s  ava i l ab le  and use r  f eedback  has  been  co l l e c ted  f rom techn i c i ans  and eng ineer s ,  

the  QA too l  cou l d  be  enhanced in  fu ture  des ign  i te ra t i ons  to  inc lude  add i t i ona l  va l i da t i on  ru les  and improve  

i t s  sca lab i l i t y .  Example s  o f  the  fu ture  improvements  inc lude:

1 . Check ing  and rev iew ing  mu l t i p l e  mode l s ,  d raw ings  and combined  mode l s  

2 . Prov i d i ng  sugges t i ons  fo r  mov ing  annota t i ons  to  avo id  c l ashes  in  p lan  

3 . C rea t ing  the  f i r s t  pass  o f  a  markup fo r  techn i c i ans  and eng ineer s  to  add the i r  own comments  

4 . Improve  compa t i b i l i t y  w i th  a  w ide r  range  o f  so f twa re  such  as  Bent l ey  M i c roS ta t i on  and OpenRoads ,  

Tek la ,  Rev i t  and  Grasshoppe r .  

5 . Create  an  on l ine  QA too l  tha t  can  be  used w i th in  des ign  app l i ca t i ons  ra ther  than us ing  an  o f f l i ne  ve rs ion  

6 . Automat i ca l l y  run  the  QA too l  a t  the  end o f  eve ry  day  and app ly  l i ve  ve rs ion  cont ro l  t rack ing  f ea tures  

7 . Inc lude  pro je c t  spec i f i c  va l i da t i on  ru les  
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