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From Paper to Al: Improving Geologic Mapping Workflows C0) (Cen)) | Live Life
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Preface Amazon Textract - Bolaee i i Gane o | Google Vision AP

| —— " What s the drill hole number? While using ChatGPT and Bard as coding assistants

As the South Carolina Geological Survey (SCGS) enters its 198t year Amazon T_extract IS an Optical Character Rec_ognition service provided as part of fthe Amaz_on Whatisthe date? = T T T T T T I A A "~
of operation, the importance of addressing its backlog of historical Web Services (AWS) suite of cloud computing platiorms. ~Textract uses machine |earning Who was it drilled by? The Google Cloud Platform is another powerful suite of tools that provide organizations with everything from now-ubiquitous Google Drive and Google Docs, to data analysis
maps and drill logs has become increasingly evident. The process of algorithms pooled from various AWS services to help extract text and structured data for was it Y and Al. Among its many products, we utilized the Google Cloud Vision API, one of a few powerful Al-based tools offered in Google’s suite. This service provided us with deep
scanning and digitizing paper products can be incredibly time- various types of documents. What sets Textract apart is its ability to analyze documents that What is the elevation? image analysis capabilities, which we used to detect specific text within scans of our old paper geologic maps. This Al tool helped us extract specific text from scans of paper
consuming, depending on the complexity of the material at hand. Up do not follow a predefined template, such as a form or simple set of paragraphs. Instead, it | geologic maps, such as map units and their explanations, in order to fill in related fields within a corresponding DescriptionOfMapUnits file geodatabase table located in a
until this point, all historic map digitization at SCGS has been done leverages machine learning to extract text and data that align with a user-specitied query, What are the UTM coordinate numbers? GeMS-compliant geodatabase for that quadrangle. Google provides support for their service through a wide variety of programming languages, including Java, Python, and
heads-up, by hand, click-by-click. Traditional raster-to-vector including typed or handwritten text. This feature is particularly useful for scenarios like Who was it loaaed by? C#, however, we chose to use Python due to the ease of integration with ArcGIS’s ArcPy Python module used to populate the geodatabase. To compensate for the lack of an
conversion tools have presented their own challenges in their inability processing handwritten drill logs we have collected at the South Carolina Geological Survey. JIEADRY in-house programmer, we heavily relied on web-based Al chatbots powered by large language models (LLMs) such as Google’s Bard and OpenAl's ChatGPT. Despite
to distinguish the desired features of a document (ex. contact lines) What is the description of the location? OpenAl's lack of association with Google and ArcPy being a proprietary package, ChatGPT demonstrated a strong knowledge of coding and module-specific tasks.

from the undesired ones (ex. topographic lines, such as those that —
may be present in a basemap). The process of digitizing drill logs has

similar obstacles; of the logs that are handwritten, many are sloppy A s c | > | . | . 6 W 0k LM N o Y J
enough to be undetectable by traditional optical character recognition R N T Y R Y T R P T T T T T T T Nagh - R 1313461 || BLEEE Ny | .
(OCR), and the wide variety of differently-formatted log sheets over B= 220/ 2004 Renaldo Tones|aom 2301 TROBN o WhDearlll  selleile R, 1/4 SW of?? rdesst sde, . 25miles N of Mosedele . ER PIEDMONT BELT a——e—
the years rules out many options for automation. Spurred by the 6 lo5250 2/8/201a venado JonesGm3z% 520091, 717860N W, Dot il Kings Gremrosd et Mossdle Rosd SEcomer. | i e senie I m——— -
ongoing conversation surrounding artificial intelligence (Al) online and & ]00.26: s r20/3014 Rereble lores e a1t saso88, = 3719057 Wik Do Il |k ceant i at Corton ponte i, S cormer 3\ SOUTHEAST FLANK e B .
in the media, SCGS has explored a range of Al-driven tools with the o e e P Pt Ly 4:  Cugmd cranioid Geiss OBJECTID™ Mapunit  Name FullName A
potential to enhance our digitization workflow. The results, while oz N VE e 1] 469 ™ mica schist mica schis <\
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G e e L =B Cataclastic Rocks, Undifferentite: I smphibolie amphibolie N
17 38-395 3/25/2014 Joe Kach 50.6 m 166 ft 526059 E 3707946 N W.R. Doar, Il Gramlin Road, south side, 100 ft east of Whisper wood road. R R ‘\1 Phyllonitic "Button” Mica Schist ) .
18 09-272 3/5/2014 Renaldo Jones 51 m 167 ft 3718875 N W.R. Doar, Il Cameron Rd, 1/4 mle SW of Vice rd, east side in pull off b \ q ] Metaquartzite s = metaquartzite metaquartzite <
19 |09-271 3/4/2014 Renaldo Jones 56 m 184 ft 3720059 n W.R.Doar, Il Vice Rd., north side, 1/2 mile west of Cameron Rd. L "'-. e Ii 1 12'30" . . .
20 38-398 4/3/2014 Renaldo Jones 53m 174 ft 524980 e 3710092 N W.R.Doar, Il Intersection of Whisperwood rd and Wild Turkey rd, SW corner. |- x.,‘.'ﬂ.\vr o m Metaultramafite > 473 metaultramafite metaultramafite <N
- 21 09-200 3/27/2014 Joe Koch 51.9 m 170 ft 3710796 n W.R.Doar, Il Nate Store road 1/2mile south of Jerico Road, east side. B : ";”bﬁfﬁﬁﬁﬁ,ﬁ : 3%
22 | Clarendon County #57 December 10, 1996l Gary Taylor, Will Doar ¢ 79 ft 3717460 m N, 548320 m E Ralph H. Willoughby sediment of ancient Santee River terrace (Upper Pleistocene) i 3. gt-n;:ié#;%sif:&?f& b 474 mEtagahhrG mEtagahhrG <M
N 23 | 159 18-Jan-02 Gary Taylor, Joe Koch a 79 ft 3719669, 0547523 C. W. Clendenin, Jr. E 1/2 of NW 1/9 of NW 1/9 of Saint Paul 7.5-minute guadrangle, on woods road in lowland adjoin QI _‘LLFJ,E ‘-",ﬁﬁ:‘“‘ CHARLOTTE BELT ] ] ] ]
24 09-259 3/21/2014 Renaldo Jones 50m 164 ft 534623, E, 3709491 N W.R. Doar, Il Nate Store road at Midway Road, east side 200 ft north of Midway rd. ‘:I, Sy h""‘p«g{ ‘*if’ﬂ_\"":“:“ ff’ --""3-“-“ m Granitoid Gneiss I | 475 amphibolite amphibolite <M
25 09-260 3/21/2014 Renaldo Jones 59 m 193 ft 524205 E, 3717069 N W.R.Doar, Ili US HWY 176 Old State Road, west side, across from Nighthawk Lane, 1/2 mile south of Bellevile Re¢ ; 1?’”@ :* ,_:v“i'i..—'r:;.-tmfi‘%- R AT T _
26 09-252 1/12/2014 Renaldo Jones 68.5 m 225 ft 523749 E 3717968 N W.R. Doar, I NW corner of US 176/0Id state road, and Belleville Road. ) 7.§Jj'*’;j{f’;_-‘i)?‘\_‘\1"\“--_ | s o g rng§ ! Metagabbro Click to add Rew row.
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- | 27 09-258 oute | = 2/19/2014 Renaldo Jones 76.5m 250 ft 524351 E, 3718554 N W.R.Doar, Il | ?ikes Rd, 800 north of Belleville Rd, east side. | m[ TP ' e e ' o . P ‘A T;—l Metabasalt ¢
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Creating a pixel classification algorithm with ArcGIS Pro’s | = .. e — = :
Deep Learning toolset to digitize contact lines |
: , , oo , Its symbology is quite simple, but still complicated enough to make It is the only digitized - - | _ : . . . r
ArcGIS Pro's Deep Learning toolset, which was initially released in 2019 traditional raster-to-vector conversion tools impractical. Note the lack [I{ part of a larger map 1. PFOCGSSlng the lMmage 5| Crelate” & ‘ double-type ~field tnametd Sl | A% 2b. Train Deep Learning Model 3. VeCt0r|Z|ng the classified raster
as a part of the Image Analyst extension, utilizes convolutional neural of variety in symbology — every contact line is dashed, with no visual series; we planned to B — classvdile and assigh a unigue integer 10 1 S This tool is by far the most computationally INntensive part Of this WOIKI OW. USING te | e —————————————————————————
networks (CNNS) to perform various image analysis tasks. A CNN is a type ]ccjis’E[inctioanetween thc?ertai.?r,] te;]pproxima:te,.t infefrr;d, t())r concealeg test the efficacy of the eac_h type Of_ feature. The actual .Value //Mact image chips and me_tadata generated by the Export Trai_ning Data For Deep Learn!ng
of neural network specifically designed for processing and analyzing visual ediures. Lompare thnis- wi € compiexity of the basemap an finished model by We found it massivelv beneficial to the reliabilitv of the final model to take a aSSI_gned IS arblt_ra_ry — a__I that matters IS that | / tool, a model is trained to Iool_< for patterns by analyzing each pixel in the training
Rl _ _ _ S surrounding features; the topography and roadway data overlaid on o y y h | dat t and the t f feat t bel t
d t th t N r d b th r n t n nd f n t Nnin f th h man . . . diqitizin the rest of . . . . .. . as |t remains d|St|nCt e values aSS|gned o dlasetl an e type Of Teature It beiongs 10.
a a at IS | S_pl € y € organization a . unctioning o _e uma the map, as well as the orientation measurements and cataclastic g g _ few S|mp|e Image processing Steps with the tra|n|ng data before Star’ung_ h det : h . il b rted in th O o Aft | A /
brain. After being trained on a human-validated dataset with known zone markers, visually clutter the image in a way that would have |-{ the ~ series  and SIS Gt Infokss (It Vet 10e solizef s dudrangle - | | | il [PAS e D —
outcomes, the CNN is able to recognize patterns within the training dataset previously required a human’s input to parse. The combination of [| comparing the results | _ classified raster. f - It is highly recommended to use a dedicated GPU to complete this task; this can classification é\/—/}:» (
ond. can ’use this knowledge to caloulate the probability of a certain these circumstances makes deep learning a suitable solution. to Lowndesville. 1. If not already done, scan the paper map, ensuring that the resolution 6. Use ArcGIS I I " | o be assigned in the Environment settings of this tool. Using a CPU to train a model was complete, et
condition being true or untrue — even if it has never been encountered and size of the scan match the images that are to be processed by the - R AIEELSS ool 1ol IS (O By eR[pS @l USRS Wilul e can t?tke Sﬁ]/erm days or even weeks, but a GPU can complete the same task in the raster was /
before. ArcGIS’s Deep Learning toolset offers four major applications for h i final model. Verify that the final raster has an 8-bit unsigned pixel type. If polglgcl).n fe;xture class, ensuring that the features are properly connected a matter of hours. converted back P /—Jf\ "—\\—/’/
: . : : o : : o : : o : : : : and alianed. | o | | | : : : .
this technology: object detection, object classification, pixel classification, et not, import it into ArcGIS and re-export it with the appropriate pixel type. J . One major restriction is that only certain NVIDIA GPUs can be used for this Z‘tosl'”ess"aléhe \_ C| ~ 7
and point cloud classification. The tools are commonly used to identify purpose. Esri's Deep Learning frameworks utilize NVIDIA’s CUDA platform, which rc ;anMoo BN et P !
objects or group them into classes within the context of satellite or aerial 2 AN s .. is proprietary. The absence of compatible hardware will require that all In Arciviap. /
imagery, such as when extracting building footprints or identifying certain A e mEsswmEg Ty 2. Open the scanned map in an image processing 2. Tralnlng the model calculations be performed with the computer's CPU instead.
typeS of StFUC.tUIjeS. SCGS’s application IS Sl|ght|y l.Jn.ique — Single'ban.d, h: o e T st program, such as Photoshop, and tweak the T A B e TR A B A A S T S T S S JR S R S S
anOChro_me_‘“Q Imagery does n?t make for ideal tr_al_nlng data; however, In : £ A contrast and brightness of the image. Experimenting | | | o | SCGS trained and tested several models before settling on the optimum parameters
spite of this limitation, the model’s results are surprisingly accurate. i with the black point and posterize settings may also We f?und that tr_unnlng ar)yl c(I)f the S(’;?Q[S Irlln section 2 W'Lh 1;‘\"93 on a netwccl)rktor' via ’T\l for this dataset. The results of some of these experiments can be seen below. Once we were satisfied with the results of Lowndesville, we
| omeca yield good results. There is no one-size-fits-all remote connection can yieid unpredictable errors, we highly recommend storing a | , ran through the workflow on the other maps in MS-24. In the
D A L b . . : ) . files and running all processes on your local machine. ‘ | : : ey
o combination of filters that will be appropriate for below figure, lines digitized autonomously by the computer
e vl Gar (58 QU e aE 66 &) T EEases [erees. wilh ey & P& oomere s every map; do whatever makes the contacts stand o _ can be seen in red, while corrections made by a human
| | PP ’ P TR e out as much as possible in the scan at hand. 2a. Export Training Data for Deep Learning | poio: |mage chips of reviewer are in green:
creating the input for the next. _a%g; i Comte This tool accepts the raster and vector data from the | .0 same area, using
e -é-f'ﬁ‘_‘__‘)fz‘ previous task as input and creates two outputs: @ | scES's chosen file size
e T g e 3. Georeference the raster and digitize the contacts in R e ::g:gg: 811: imitasacﬁpfge& in the format specified, and a | (o5 128px x 128px) vs. . = T
> ari—— the training dataset. If starting from line features, apply  [:original: f floda J ' ArcGIS’  default  size No image processing Defa“'gz'g‘gfggq'ps'ze training data from multiple | | 64x64 image chip size
e a buffer to convert the lines into polygons, ensuring [zeontact e e o (I\Ilrgt?gé %ﬁgpgiﬁ’; r (fr?fep% quads
i that all pixels of the feature are well within the polygon e f;%“ scale between the two |
ikt boundaries. In the Lowndesville quadrangle, a 10m Y (e - sizes. The default setting :)Jétrl'frg?r:\eItyr;etrl]:)ee;?%%ella:)r’:ﬁttﬁge’[gien?ntg
buffer was adequate to cover the entire line in most |[EaageedEaaiis . . generated 8,192 chips, map and the rest of the map series was:
areas of the map Image chips, which generally assume square or | hjile the 128px setting P P :
, _ - rectangular shapes, are smaller pieces that represent | geperated 33,632 — a . : .
Before starting, the user should be aware that they need to manually install Stylistically speaking, the localized regions or segments of the larger image. | grastic increase in detail trained on a single quadrangle
the required Deep Learning packages, which are updated with each Lowndesville quadrangle They can be understood as the computer taking @ | byt also in processing +  processed in Photoshop
ArcGIS release and are not automatically included in its initial software is representative of many 4. In the same feature class, create polygons for all other types of features snapshot; the size of the snapshot can be set with the | {ime . of the DeeplLabV3 model type, which
installation. of our other 60s-era In the original map you wish to classify, including undesired ones. For Tile Size X and Tile Size Y parameters, and the meshed better with single-band
paper maps — which example, in the case of Lowndesville, these additional features included ASENGS BEEEN WIE SREPENOS CE 96 86 Ui WS imagery than the other pixel
could then be digitized \ L . . Stride X and Stride Y parameters. By providing a st e del
| | | P8, | with the finished model, if the map's margin, its quadrangle boundary, and everything that fell in the varied set of image chips, the model can learn |PEARL /| |. classiiica 'On_mo els | |
The Lowndesville 7.5 minute quadrangle, located in western South *s, | successful. space between each contact (referred to as "noncontacts” in the attribute patterns more accurately and recognize features in ' Ny *  exported as image chips with
Carolina’s Abbeville County, was digitized manually and used to train the table). more diverse contexts. shed b \CEARLILE M: a 128px tile size and a 64px
model. SN1€0 DY iblished by the stride size
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